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Re: Use of California Cancer Potency Factors for Marine Corps Air Station El Toro

Dear Mr. Piszkin,

Mr. Zarnoch of the Department's Region 4 office has asked that the Office of Scientific
Affairs respond to your letter of 20 May 1993. Because the chemicals of potential concern at
the Air Station have not yet been identified, we are unable to inform you which chemical-
specific Cai\EPA cancer potency factors are more stringent than their USEPA counterparts.

Notwithstanding this, we note for your information that Cai\EPA interprets its published
cancer potency factors to meet the criteria for designation as potential chemical-specific
"applicable or relevant and appropriate" (ARAR) criteria, as defined in the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA). We make this
interpretation in light of USEPA policies carefully described in the guidance document entitled
"CERCLA Compliance with Other Laws Manual" (EPA 540/G-89/006). Thus, any differences
between USEPA and Cai/EPA on the technical bases for cancer potency factors are immaterial.

Cancer potency factors published by Cai\EPA are issued according to regulations
pursuant to California law, specifically the Safe Drinking Water and Toxic Enforcement Act of
1986 (aka Proposition 65) and the Toxic Air Contaminant Act of 1983. Cai\EPA considers that

these cancer potency factors are duly promulgated, having gone through a period of public
commentary before publication in Title 22 of the California Code of Regulations. The most
current set of cancer potency factors is published in a memorandum dated June 1992 from the
Standards and Criteria Work Group, which is comprised of scientists from several programs
within Cai\EPA, including the Department of Toxic Substances Control.

We feel it is useful to bring to your attention a recent decision by USEPA Administrator
Carol Browner regarding a dispute between the Air Force and Cai\EPA regarding State ARARs.
Administrator Browner decided that she had the authority to resolve the dispute, because
selection of ARARs bears heavily on selection of the final remedy for CERCLA sites and
USEPA has a statutory obligation to approve that final remedy. Administrator Browner stated
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directly that the principal arbiter for interpretation of State ARARs is the State itself. We stress
particularly that the Administrator rejected a claim by the Air Force that their interpretation of
ARARs should supersede any other.

It is certainly true that neither Cai\EPA nor the Navy has brought to dispute resolution
the question of whether Cai\EPA potency factors are ARAR. Cai\EPA feels it is self-evident
that its cancer potency factors are at the very least criteria "to be considered" (TBC), as defined
in the "CERCLA Compliance with Other Laws Manual". TBC criteria are non-promulgated
advisories or guidance issued by Federal or State government that are not legally binding and
do not have the status of ARARs. The USEPA guidance manual states on page xiv:

"[I]n many circumstances, TBCs will be considered along with
ARARs as part of the site risk assessment and may be used in
determining the necessary level of cleanup for protection of health
or the environment."

The manual further states on page 1-76:

"Chemical specific TBC values such as health advisories and
reference doses will be used in the absence of ARARs or where

ARARs are not sufficiently protective to develop cleanup goals.
In addition, other materials such as guidance or policy documents
developed to implement regulations may be considered and used
as appropriate, where necessary to ensure protectiveness."

This indicates that Cai\EPA cancer potency factors, whether ARAR or TBC, must be given
significant weight in any risk assessment at Marine Corps Air Station E1 Toro. Therefore, their
technical bases relative to other cancer potency factors (such as those of USEPA) are immaterial
to any decision on their status as ARAR or TBC.

The various justifications for the Cal\EPA cancer potency factors have undergone
extensive scientific review and public scrutiny during the promulgation process. The technical
basis for each potency factor can be obtained from the public record. The regulatory package
supporting the Cai\EPA potency factor for chromium VI, which is a typical regulatory package,
is included for your information. The package contains the legal and regulatory background,
toxicological information and risk assessment, public comments, and responses to those
comments. Please contact the Office of Scientific Affairs to obtain similar such packages for
specific chemicals of particular interest to the Navy.

Regarding resolution of differences between cancer potency factors published by USEPA
and Cai\EPA, we urge the Navy and its consultants seek the consensus advice of toxicologists
and risk assessors from Cai\EPA and USEPA Region IX. This consensus method is working
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well at many sites and facilities in California, including several interactions with the other
uniformed services.

We are pleased to be of assistance to the Navy in this matter. We at the Office of
Scientific Affairs look forward to working closely with the Navy on issues of health and
environmental risk assessment during the regulation of environmental restoration at bases in
California. Please call upon us for any additional inquiries you might have.

Sincerely yours,

John P. Christopher, Ph.D., D.A.B.T.
Staff Toxicologist
Human and Ecological Risk Section
Office of Scientific Affairs

Telephone: (916) 255-2038

Telefacsimile:(916) 255-2096 __-'--
c"x

Reviewed by: Richard A. Becker, Ph.D., D.A.B.T. _'_ CA_
Senior Toxicologist <3"
Chief, Human and Ecological Risk Section

cc: Joe Zarnoch, Region 4 Site Mitigation Branch
Steve Picco, Toxics Legal Office
David Wang, Chief, Base Closure Branch
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bcc: J. Scandura, Chief, Region 4 SMB
Dr. J. Parker, HERS
Dr. D. Stralka, USEPA Region IX
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OVERVIEW AND RECOMMENDATION

I. INTRODUCTION

The Air Resources Board {"ARB" or "Board") identified toxic air

contaminants and develops regulations for the control of their emissions

according to the requirements of state law. A toxic air contaminant {TAC) is

an air pollutant that the Board or the Department of Food and Agriculture*

finds "may cause or contribute to an increase in mortality or an increase in

serious illness, or which may pose a present or potential hazard to human

health."** This report recommends that the Board find hexavalent chromium

chromium{VI) to be a toxic air contaminant.

Section II of this Overview to the report presents the regulatory

background and reviews the procedures by which the Board considers substances

for the TAC designation. The Overview also summarizes the technical and

toxicological information that supports the staff's recommendation.

Section IIIA is a summary of Part A, which presents data on the uses of

chromium, its emissions, and the public's exposure to chromium via the ambient

air. Section IIIB summarizes the Department of Health Services' (DHS)

analysis in Part B of the health effects of chromium. Section IV of this

Overview discusses potential environmental effects of the recommended action,

and Section V contains the staff's recommendation to the Board.

II. REGULATORY BACKGROUND AND PROCEDURES

Health and Safety Code (HSC) Section 39650 et seq. and Food and

Agriculture Section 14021 et seq. set forth the procedure for identifying

* See Section II.
** Health and Safety Code Section 39655; all statutory references are tolthe
Health and Safety Code, except as otherwise stated.



and controlling toxic air contaminants in California. (These provisions were

enacted in September 1983 as Assembly Bill 1807; Stats 1983 ch 1047.) The

Department of Food and Agriculture is responsible for identifying and

controlling TACs in their pesticial uses. The ARB has authority over TACs in

all their other uses.

HSC Section 39650 sets forth the Legislature's findings about substances

which may be TACs. The Legislature has declared:

"That public health, safety, and welfare may be endangered

by the emission into the ambient air of substances which

are determined to be carcinogenic, teratogenic, mutagenic,

or otherwise toxic or injurious to humans" (HSC Section 39650(a).)

The findings also include directives on the consideration of scientific

evidence and the basis for regulatory action. With respect to the control of

TACs, the Legislature has declared:

"That it is the public policy of this state that emissions

of toxic air contaminants should be controlled to levels

which prevent harm to the public health," (HSC Section 39650(b).)

The Legislature has further declared:

"That, while absolute and undisputed scientific evidence may

not be available to determine the exact nature and extent

of risk from toxic air contaminants, it is necessary to take

action to protect public health," (HSC Section 39650(e).)

In the evaluation of substances, the Legislature has declared that the

best available scientific evidence, gathered from both public agencies and

private sources including industry, should be used. The Legislature has also

determined that this information should be reviewed by a scientific review

panel, created pursuant to HSC Section 39670, and by the public.
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The Board's determination of whether or not a substance is a toxic air

contaminant includes several steps specified in the HSC. First, we request the

DHS to evaluate the health effects of a substance (HSC Section 39660). The

evaluation includes a comprehensive review of all available scientific data.

Upon receipt of a report on health effects from DHS and in consideration of

their recommendations,we prepareand submit a report to the ScientificReview

Panel (SRP) for its review (HSC Section 39661(a)). The report consists of the

DHS report (Part B), material prepared by the ARB staff on the use, emissions

and ambient concentrations of the substance (Part A), and public comments on

the draft Report and responses (Part C). It serves as the basis for future

regulatory action by the Board. The report is also made available to the

public, which may submit comments on the report to the SRP (HSC Section

39661(b)).

After receiving the SRP's written findings on the report, the Board issues

a public hearing notice and a proposed regulation which includes a proposed

determination as to whether or not the substance is a toxic air contaminant

(HSC Section 39662(a)). If, after a public hearing and other procedures to

comply with Government Code Section 11340 et seq., the Board determines that a

substance is a toxic air contaminant, its findings must be set forth in a

regulation (Section 39662). The HSC also sets forth procedures for developing

and adopting control measures for substances identified as TACs (Sections

39665-39667);such measuresare not proposedduring this proceeding.

III. EVALUATION DF CHROMIUM

Consistent with the provisions of state law, the ARB and the DHS

prioritize candidate substances for evaluation and regulation as "toxic air

contaminants" pursuant to HSC Section 39660(f). Briefly, the selection of a

substance for the Board's evaluation and consideration as a toxic air

contaminant is to be based on the risk to the public from exposure to the

substance, amount or potential amount of emissions from use of the substance,
-3-



manner of usage in California, atmospheric persistence, and concentration in

the ambient air. After consulting with the Department of Health Services

(DHS), chromium and its compounds were among candidate substances selected for

consideration as a TAC.

Chromiumwas chosen for evaluation because it was identified by the

InternationalAgencyfor Researchon Cancer(IARC)as a human and animal

carcinogen,becausechromiumwas found to be emittedfrommany sources

throughoutthe state (both directlyfromprocessesusingchromiumor chromium

compounds,and as a productof the combustionof coal, oil, and other

chromium-containingfuels),and becauseits presencein the atmospherewas

documented.

A. EMISSIONS,PERSISTENCEIN THE ATMOSPHERE,AND AMBIENTCONCENTRATIONS

OF CHROMIUM

Data in the revisedPart A are summarizedin Table I.

Industrialsourcesof chromiummay emit chromiumin the hexavalentstate

(chromium(VI))or the trivalentstate (chromium(III)),or a mixtureof the

two. Chromeplatingand the use of hexavalentchromiumas a corrosion

inhibitorin coolingtowersaccountedfor most of the knownhexavalent

chromiumemissionsin California. Refractory(firebrick)productionis a

sourceof trivalentchromiumemissions.

Combustionof oil,coal, municipalwaste,and sewagesludgeis a source

of chromiumemissions. Becausehistoricaldata for these sourcecategories

referto totalchromium,ratherthan to one form or the other,the oxidation

stateof chromiumemittedfrom these sourcesis not known. Available

informationsuggeststhat combustion-relatedemissionsare trivalentchromium.
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Total chromiumhas been measured in the air at sites in many populated

areas of California. Estimatesof populationexposureto total and hexavalent

chromium are summarized in Table 1. Limited preliminary data on ambient

concentrationsof hexavalentchromium indicatethat hexavalentchromium

comprised between 3 and 8 percent of ambient total chromium. Efforts are

under way to validate the analytical method and to gather more data on ambient

concentrations.

Evaluationof concentrationsof chromiumnear sourcesof chromium(VI)

suggestthat significantpopulationexposuremay occurclose to sources.

The atmosphericpersistenceof chromium(VI)is not known. It has been

suggestedthat chromium(VI)reacts in the atmospherewith availableorganic

matter;however,there is no informationavailableon the atmospheric

reactionsof chromium(VI)or chromium(III). Chromiumis removedfrom the

atmosphereby physicaldepositionprocesses. Measurementshave shown that

most chromiumdepositionoccurs throughwet deposition.

The draft of Part A was releasedfor publicreviewand comment. Comments

and our responsesare presentedin Part C.

B. HEALTH EFFECTS AND RISK ASSESSMENT

Pursuantto Healthand Safety Code Section39660,we requestedthat the

Departmentof HealthServicesconduct a healtheffectsevaluationof

chromium. The DHS evaluationwas conductedin accordancewith the provisions

of that section,which requiresthat the DHS considerall availablescientific

data, including, but not limited to, relevant data provided by the ARB, the

Departmentof IndustrialRelations,internationaland federalhealthagencies,

private industry, academic researchers, and public health and environmental

-5-



TABLE I

SUMMARYOF DATA IN PARTA

Emissions

Estimated
Inventory Chromium Statewide
Year Measured Emissions,tons

Stationary Sources

Chromeplating 1983 Hexavalent 0.77-16.
Coolingtowers lg79/81 Hexavalent 0.23-9.2
Oilcombuston 1983 Total 13.2-28.1
Coalcombustion lgS1 Total 0.02
Cementproduction lgS1 Total 0.9
Wasteincineration lg81 Total 0.02-0.16
RefractoryProduction 1984 Hexavalent 40.O1

Fate in the atmopshere: The half-lifeand reactionsof chromium(VI)are
Unknown;chromiumparticulateis removedfrom the atmospherethrough
physicalprocesses,mainlyby wet deposition.

AmbientConcentrations

Concentration
nanogram/cubicmeter

Location(year) Form (n_/m3)

San FranciscoBay Area Total chromium, 10.8
Air Basin (partial)(1977) annual average

SouthCoast Air Basin (1977) Total chromium, 16.g
annual average

FresnoArea (1977) Totalchromium, 12.3
annual average

SanDiegoArea(1977) Totalchromium, ll.7
annual average

San JoseArea (1977) Totalchromium, 14.3
annual average

E1 Monte (1985)1 Totalchromium 13.2
(averageof four samples)

E1 Monte (1985)1 Hexavalentchromium 0.5
(average of four samples)

1Samples taken during the last week of August, 1985
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organizations. To facilitatethe identificationof all availabledata,we

sent, prior to formally requesting the DHS evaluation, a letter to potential

sources of chromium compounds in California and other interested members of

the public requesting that they submit any information they considered

pertinentto the DHS evaluation. We also conducteda referencesearchon the

health effectsof chromiumand its compoundsusing the MEDLARS II and DIALOG

InformationServicesand includeda bibliographyfrom that search in our

requestfor information.The data compiledin the searchwere also provided

to the DHS.

The DHS' draft report (Part B) was releasedto the public for comment.

The commentsreceivedand responsesare includedin Part C. A revisedPartB

is presentedto the ScientificReview Panel for review.

In meeting the requirements of Section 39666 for DHS' evaluation, the DHS

addressesthese issuesin Part B: 1) Is chromiumor its compounds,or both,a

human and/or animalcarcinogen? 2) Does chromiumhave a carcinogenic

threshold?3) Are healtheffectsother thancancerexpectedto occur at

currentambientlevels?,and 4) What is the rangeof added lifetimecancer

risk for populationscontinuouslyexposedto the ambientconcentrationsof

chromiummeasuredin California? In responseto these issues,the DHS

concludesthat: 1) hexavalentchromiumis a human and animal carcinogenand

insufficientinformationexists to decidewhetherchromium(III)is a potential

human carcinogen;2) hexavalentchromiumshouldbe treatedas a substance

withouta carcinogenicthreshold;3) healtheffectsother than cancer are not

expectedto occur at currentambientlevelswith the possibleexceptionof

adversereproductiveeffects,where experimentaldata are inadequateto assess

potential human reproductive risks; and, 4) the theoretical added
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llfetlme cancer risk from a continuous 70-year exposure to atmospheric

hexavalent chromium (chromiumVI) exposure ranges from 12 to 146 cases per

million people per nanogramper cubic meter (ng/m3).

The DHShas found in its report that: l) many epidemiologic studies

show a strong high association between hexavalent chromium exposure in the

work place and respiratory cancer; and 2) all short-term assays reported show

that hexavalent chromium compoundspossess genotoxic capabilities, while tests

of chromium(III) compoundsare generally negative or generate positive results

at much higher doses than those used in chromium(VI) tests. The DHSagrees

with the findings of IARC that there is sufficient evidence to demonstrate the

carcinogenictty of chromium in both animals and humans. The DHSbelieves

there are inadequate data available at this time to confirm or refute the

carcinogenic potential of trivalent chromium.

To determine that a substance has a carcinogenic threshold, the DHS

requires strong positive evidence that the substance acbs only through

mechanisms whtch ought to have a threshold. The DHSfound that no positive

evidence exists for this position with respect to chromium.

The staff of DHSrecommendsadopting the risk assessment performed by the

Environmental Protection Agency (EPA), in which a linear nonthreshold model

was applied to the epidemiologic study (Mancuso, 1975) judged to be most

methodologicallysoundand to containthe best exposuredata to derive

dose-responsecurves for hexavalentchromium. Data fromanimalstudieswere

judgedto be inadequatefor quantitativerisk assessmentby the staff of DHS.

Makingcertainassumptions,the DHS describeddose-responsecurves for

hexavalentchromium. Based on the resultsderivedfromapplicationof the

-8-
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linearnonthresholdmodel and the Mancusodata, the staff of DHS recommends

that the Air Resources Board consider the increased lifetime carcinogenic risk

from a continuous lifetime exposure to hexavalent chromium as falling in the

range of 12 to 146 cancer cases per nanogram hexavalent chromium per cubic

meter of air per millionpeopleexposed (12-146cancers/ng/m3/million).

This range is illustrated in Figure A, where the solid line represents the

curve based on the EPA assessment using total chromium as the exposure, the

dotted line is based on the EPA assessment adjusting for the hexavalent

chromiumfractionof the exposure,and the dashedline was generatedby taking

the upper limit of the 95% confidence interval for carcinogenic risk due to

chromium and adjusting for the hexavalent fraction of the workplace exposure.

There are not, however, sufficient data from this or other epidemiologic

studiesto estimatethe risk of specifichexavalentcompoundsfor airborne

exposures.

There is very limited information on levels of ambient hexavalent

chromium in California. Preliminary data on ambient concentrations of

hexavalent and total chromium at a site in the South Coast Air Basin during

August 1985 indicate that 3 to 8 percent of total ambient chromium is in the

hexavalent state. Although it is not known whether this ratio is

representative of other sites, it is the best information available at this

time.

There is a need to better characterize the concentration of chromium(VI)

in the ambient air of California; we are working with the air pollution

control districts and air quality management districts to gather such data.

We are also carrying out emission testing of chromium sources to determine the

oxidation state and magnitude of chromium emissions. Such information will be

an important part of any control effort for hexavalent chromium.

-10-



III. ENVIRONMENTAL IMPACTS

The identificationof hexavalentchromiumas a toxic air contaminantis

not in itselfexpectedto resultin any environmentaleffects. The

identificationof hexavalentchromiumas a toxic air contaminantby the Board

may requirethat the Board and air pollutioncontroldistrictsadopttoxic

controlmeasuresin accordancewith the provisionsof state law. Any such

toxic controlmeasuresmay resultin reducedemissionsof hexavalentchromium

to the atmosphere, resulting in reduced ambient concentrations, concurrently

reducing the health risk due to hexavalent chromium. Therefore, the

identificationof hexavalentchromiumas a toxicair contaminantmay

ultimatelyresultin environmentalbenefits. Environmentalimpactsidentified

with respectto specificcontrolmeasureswill be includedin the

considerationof such controlmeasurespursuantto Healthand SafetyCode

Sections 39665 and 39666.

IV. RECOMMENDATION

Becausehexavalentchromiumis a known humanand animalcarcinogen,and

is knownto be emittedin California,the ARB staff recommendsthe listingof

hexavalentchromiumas a toxic air contaminant. In makingthis

recommendation,we note that thereis not sufficientavailablescientific

evidenceto supportthe identificationof an exposurelevel belowwhich

carcinogenic effects would not occur.

-ll-
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DAVID PIERPONT GARDNER UNIVERSITY HOUSE
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c,°._._.,E,..,,.... November 21, 1985

Mr. James D. Boyd, Executive Officer
State Air Resources Board
P. O. Box 2815

Sacramento, CA 95812

Dear Mr. Boyd:

The Scientific Review Panel on Toxic Air Contaminants has revrewed the
Report to the $clentlfic _l_evlewPanel on Chromium, and has formulated Its
findings regarding the repo_. With this let_rer,I am formally submil-tingthe
Scientific Review Panel's wrH-_en findings to the Air Resources Board.

Kindest personal regards,

6 · '

Enclosure
cc: Sclentlflc Review Panel

Dr. John Holmes
Mr. Richard Bode



_lndlngs of the Sc_entlfic _evie. Panel

Regardfng the Report on Chromium

In accordance wlth the provisions of the Health and Safety Code Section
39661, the Scientific Review Panel (SRP) has reviewecl the September 1985
Report to the Scientific Review Panel on Chromium, and has reviewed the public
comments mecelved _egardlng this rapo_. The SRP finds the Repcx-_on Chromium
to be adequate and sufficient.

Specifically, the SRP finds each of the following propositions to be
prudent Interpretations of the available evidence:

1. In epldemlologlc studies, where the oxidation s_ate of chromium was
unknown (either in the hexavalent [Cr(Yl)] or trtvalent [Cr(lll)]
s_ate, chromium was shown to be a human carcinogen.

2. In other studies conducted in laboratory animals, chromium in the
hexavalent state [Cr(Yl)] was shown to be c_-cinogenic. According-
ly, the SRP finds that hexavalent chromium [Cr(Yl)] should be
considered a potential carcinogen In humans.

3. An exposure level below which no slgnlflcant adverse health effects
are antlclpated could not be identified. Based on our knowledge of
the pharmacoklnettcs, metabolism, and mode of action of chemical
carcinogens like chromium, there is no scientific basis for deter-
mining an exposure level below which carcinogenic effects would not
have some probability of occurring.

4. Adverse health effects other than cancer are not anticipated at
current ambient chromium exposure levels.

For these reasons, we agree that hexavalent chromium [Cr(Yl)] should be
listed by the Air Resources Board as a toxic air contaminant, but we are
unable to recommend an exposure level below which carcinogenic effects would
not have some probability of occurring.

COI_ENTS

Using extrapolation procedures recommended by the EPA and lnteragenc¥
advisory groups, DHS has estimated that the added lifetime cancer rlsk from a
70-year exposure to 1 nanogram per cubic meter (ng/m _) of atmospheric hexaya-
lent chromium ranges from 12 to 146 cases per million people exposed. The SRP
concurs with D HS's evaluatlon, but wishes to clarify several points:

1. The range of risk presented (12 to 145 cases) _as derlved using
conservative estlmatlon procedures.

2. Chromium may exlst In several chemical states, predominately at the
trlvalent [Cr(lll)] and hexavalent [Cr(Yl)] states. The health
effects impact of these states are not equal. Hexavalent chromium
[Cr(VI)] has been shown In animal tests to be carcinogenic. On the
other hand, there are Inadequate data to indicate any association
between +rivalent chromium [Cr(lll)] exposure and cancer induction
In animal tests. However, trfvalent chromium [Cr(lll)] Is an essen-



tlal element. Chromium, as a mixture of oxidation states, has been
shown to be a human carcinogen.

3. Whereas there ls uncertainty associated with the absolute value of
the risk estimated, the range of 12 to 146 cases ls useful In
comparing risk from exposure to chromium to other environmental
carcinogens In ambient air.

I certify that the above Is a true and
correct copy of the findings adopted
by the Scientific Review Panel on
November 20, 1985.

Drc. Emll M. , Chal
Scientific Review Panel
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I. USAGE AND EMISSIONS

A. PRODUCTION AND USAGE

Chromium occurs in nature primarily as chromite (chrome iron ore). This

mineralis best representedas (Fe,Mg)OICr,Fe,A1)203?/ Chromiteore is

not mined commercially in the United States; countries in Africa and Europe

are the main sourcesof UnitedStates imports_2/. The ore is used to produce

chromium metal and alloys, refractory materials, and chromium chemicals.

The metallurgical industry used 49 percent of the chromite ore consumed

in the United States in 1982, mostly in the production of stainless

steels.2/-

There are no primarysteel productionfacilitiescurrentlyoperatingin

California. However,there are a numberof meltingand recastingfacilities;

hence, chromium use in the California steel industry would be limited to that

presentin scrap metal or feedstock.

Production of refractory brick accounted nationally in 1982 for 15

percentof the chromite ore consumption?/ Kaiser Refractoriesis the major

facility in California manufacturing chromium containing refractory

products.3/ Productionfurnacesin the cement,glass,and nonferrousmetal

industriesuse chromium-containingrefractorymaterials.

The chemicalindustryused 36 percentof the chromiteore consumed in the

UnitedStatesin 1982 in the manufactureof variouschromiumchemicals.2--/

Thesechemicalsfind diverseuse in metal finishingand plating,in leather

tanning,in wood preservingand textilefinishing,and as corrosioninhibitors

in water treatment.

There are no plantsin Californiawhich producechromicacid, sodium

chromate,or sodiumdichromatechemicals,which are used to make a wide range
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of other chromium chemicals. These or other chromium chemicals are used in

the State in metal finishing and plating, in the manufacture of certain green

container glass, and in formulation of corrosion inhibitors for water

treatment. Nationwide use of sodium dichromate in 1982 was 150,000 tons, of

which 42,000tons (28%)was used to producechromicacid--4/ for metal

plating. The largest supplier of chromic acid in the United States estimated

that 1,500 tons of chromic acid were sold in California in 1984 for chrome

platingusage.18/ It has been estimatedthat thereare 9,750chromium

platingshops in the UnitedStates.-5/ It has been estimatedthatbetween

1,500and 1,800 electroplatersoperatein California.6--/ An ARB surveyof

chrome platers in Northern California which are known to discharge to

publicly-owned treatment works accounted for 150 facilities. There are 168

chrome platers listed in the South Coast Air Quality Management District

inventoryof potentiallytoxiccompoundemissions.TM Based on this

information,it is estimatedthat about400 chrome platersoperatein

California.

Chromiumpigmentsare used in inks,plastics,industrialcoatings,some

truckoriginalequipmentmanufacturefinishes,and trafficpaints. One

industryestimateof chromiumpigmentusage in Californiain 1983was 2,500

tons.8--/Calculationof Californiachromiumpigmentconsumptionas a

fractionof the 1982nationaltotalg-/yieldsan estimateof 3,600 tons.

Formulators of chromium paint pigments have been identified in Southern

California. In the 1983 South Coast AQMD emission inventory of potentially

toxic/hazardousair contaminants_TM, approximately90 tons ofchromium

pigments were reported used in the formulation of paints and coatings in the

South Coast air basin.
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There are six container glass manufacturers in California that use

chromium compounds as colorants to produce green glass. Trivalent chromium

(as iron chromite) or hexavalent chromium (as sodium or potassium dichromate)

may be used as colorants in green glass formulations.TM

Also, chromium(VI) compounds are used in cooling towers as corrosion

inhibitors by some industrial and commercial facilities.

Five facilities listed in the ARB's emissions data system (EDS) use

chromium in wood preservation or fire retardant formulations, and sixteen

other wood products facilities appear in the EDS which may also be users of

chromium compounds, ll/

B. CURRENT AND PROJECTED STATIONARY AND MOBILE SOURCE EMISSIONS

Chromium emissions in California were estimated using data from local air

pollution control districts, the Air Resources Board (ARB), the Environmental

Protection Agency (EPA), and industry.

Stationary sources contribute most of the known chromium emissions which

occur in California. Chromium is emitted both directly in the use and

production of chromium compounds, and secondarily (or inadvertently) through

the combustion of chromium-containing fuels, or as a result of other processes.

Direct sources of hexavalent chromium emissions in California include

chromium plating facilities, cooling towers using hexavalent chromium-

containing water treatments, and green glass plants which use chromium(VI)

colorants. Steel recasting and melting facilities, and refractory

(fire-brick) plants are direct sources of chromium(III). Secondary sources of

chromium emissions include combustion of coal and oil, cement production,
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sewagesludgeand otherwaste incineration,and wear from furnaceswith

chromite refractory; available evidence suggests that chromium emitted from

secondary sources is principally in the trivalent state.

Motor vehicles may contribute to Chromium emissions in California.

Limited information available on trace metal emissions from diesel-fueled

passenger cars indicates that these cars may be a source of chromium. 12_TM

Table I-1 summarizes estimates of chromium emissions in California. Some

emission sources of chromium are not listed, because insufficient data are

available at this time to make emission estimates.

Table I-1

Estimated Chromium Emissions in California

Chromium Source Emissions Inventory
Sourc· Measured _ (tons/year) Year Refs.

Chromiumplating Hexavalent Point O.77-16 1983 7,17

Coolingtowers Hexavalent Point 0.23-g.2 1979, 5,35
1g81

Oilcombustion Total Point
Residual oi1 5.1-20 1983 22,39
Distillateoil 7.2 1983 22,39
Waste Oil O.gl 1983 23,24,25

Refractory Hexavalent Point _CO.O1 1984 36
Production

CementProduction Total Point 0.9 1981 26,27

Coalcombustion Total Point 0.02 1981 26,37

Waste InCineration Total Point O.02-0.16 1981 28,29,30,
31,32

StationarySourceTotal 15-54
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1. Stationary Emission Sources

Chrome plating is one of the largest known sources of chromium(VI)

emissions in the State. Both hard chrome {used to provide a durable coating),

and decorative chrome electroplating operations are conducted in baths

containing chromic acid. During the plating process, bubbles of gas are

emitted through the surface of the bath; these bubbles carry entrained

chromium(VI) into the air, which is usually vented to the atmosphere.

Estimated emission factors from these uncontrolled operations range from 1.5 x

lO-4 to 6.2 x lO'2 pounds per hour per square foot of bath

surface.14'15'16/ Higher estimates,of up to 6.5 poundsper hour per square

foot, have been obtainedfor large bath hardchrome operations.16/ A recent

well documented report on plating operations at the Long Beach Naval

ShipyarldJ_-TMyieldedan emissionfactorof 6.4 x lO-4 poundsper hour per

square foot of bath surface for uncontrolled hard chrome plating. Although

there isconsiderableevidencefor variability,two studies16'17/ indicate

that the emission factor for decorative chrome plating is about 40 percent as

much as for hard chrome plating.

Surveys have indicated that approximately 400 chrome platers operate in

California. Roughly three-fourths of national chromic acid use for chrome

platingis for hardchrome,while one-fourthis for decorativle]8-8/,based on

one industry estimate. California usage patterns are similar, according to an

industry association estimate.

This information, in conjunction with the emission factor derived from

the Long Beach Naval Shipyard report, and certain assumptions {see Appendix C)

yields a emissions estimate of 0.77-15.6 tons of chromium(VI) per year for
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chrome plating in California. This estimate reflects the fact that both hard

and decorative chrome plating are done in California. The lower value

represents a theoretical minimum emission estimate, based on technically

achievable control {g2% removal efficiency by wet scrubber) of emissions from

all platers statewide. The higher value assumes that no emissions controls

are used.

Although there are no air pollution control regulations which pertain

specifically to chromium(VI) emissions from chrome plating operations,

emission controls have been required on some chrome plating operations. These

controls are usually required on the basis of nuisance law, to control chromic

acid mist emissions causing property damages or nuisance. The extent to which

emission controls are required, and the efficiency of any such controls, are

not well known.

Insufficient evidence is available to determine whether green container

glass manufacture is a source of chromium(VI) emissions. Iron chromite, or

sodiumdichromate,or both, have been used as colorantsin greenglass

manufacture.10/ ARB tests indicatethat a largegreencontainerglass

manufacturerwhich usedchromium(VI)colorantsemitted2.5 tonsa year of

chromium,mostly in the hexavalentfor_lg/;a recentchange in the typeof

chromium colorant [to chromium(III)] used by this manufacturer may result in

reducedhexavalentchromiumemissions. Anothertest of this sourcehas been

conducted to measure chromium(VI) emissions subsequent to the change in

formulation; results are not available at this time. Five other green glass

manufacturing facilities, generally with smaller Production commitments to

producegreencontainerglass,are locatedin California. Industrysour:es
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indicate that only chromium(III) colorants are presently used in the

California green-container glass industry.

Although an EPA-sponsored study reported chromium emissions (0.22 percent

of particle emissions) from clear soda-lime glass melting furnaces to which no

chromium colorants were added, a recent ARB test of a flint container glass

manufacturer showed much lower (O.OO1 percent of particle emissions)

chromium(VI) emissions. These emissions may be due to chromium loss from the

chromium-containingfirebricklining of the glass furnace.20'21/ Additional

tests are planned to measure chromium(VI) emissions from clear glass plants.

Until additional data are available on chromium(VI) emissions from green-glass

manufacturers which use chromium(III) colorants, and from clear glass

manufacturers, it is not possible to develop a representative emission

estimatefor these sourcecategories.

Oil combustionis estimatedto be responsiblefor 13.2-28.1tons per year

of chromiumemissions. Chromiumoccursnaturallyas a tracecomponentof most

oils, and the concentrationsof chromiumfound in residualand distillateoils

have beenmeasured.22'23/ Also,chromium is found in waste oil as a

contaminant.25/ When these oils are burned,chromium is emitted. Available

informationsuggeststhat the chromium is emittedin the trivalentstate.

Emissionsof chromium from refractoryproductionhave been shown to be in

the trivalentstate.36/ An estimateof maximumchromium(VI)emissionsfrom

this sourcetype is based on the detectionlimit forchromium(VI)for the test

methodused; no chromium(VI)was detectedin the sourcetest on which the

estimatewas based.
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Chromium emissions from cement production have been estimated based on

the chromium content of emitted particulate matter. The chromium content in

emitted particulate matter has been estimated at 0.03 percent {weight). 26/

Emissions of chromium from the combustion of chromium-containing fuels in

cement production have been included in statewide fuel combustion estimates.

There are 13 cement plants in California with a total of 43 kilns. The

statewide annual production of clinker was about 8 million pounds in

198o.2_7/

Sewage sludge and municipal waste incinerators are known sources of

chromium emissions. 30'31/ Chromium present in the sludge or refuse is

emitted when the fuel is burned. There are 11 facilities in California listed

in the ARB's emission data system (EDS) which incinerate sewage sludge or

municipal waste.32/ Emissions of chromium from these sources are estimated

to total 0.02 to 0.16 ton per year.

C. NATURAL OCCURRENCE

Chromium(III) is a component of most soils. In areas of serpentine and

peridotite rocks, chromite (chrome ore) is the predominant chromium mineral.

Deposits of 5-10 percent chromite have been found in beach sands and stream

placers in several California counties.33/ Also, chromium has been found in

non-serpentine areas in the state at concentrations ranging from a trace to

500 ppm.34/

Soil chromium is generally in an insoluble, biologically unavailable

form, mainly as the weathered form of the parent chromite or as the chromium

(III) oxide hydrate. Weathering and wind action Can transport soil chromium

to the atmosphere; generally, such mechanical weathering processes generate
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particles greater than l0 um diameter, which have significant settling

velocities. The extent to which natural sources of chromium contribute to

measured ambient chromium levels in California is not known. Ambient chromium

derived from soil is expected to exist as chromium{III).--38/
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II. PERSISTENCE IN THE ATMOSPHERE

A. PHYSICAL AND CHEMICAL PROPERTIES

Chromium {Cr) is a hard, colorless, and lustrous metal, with a melting

point above 1800°C. It is extremely resistant to corrosive agents. Selected

physical properties are presented in Table II-1. Chromium metal is not found

in nature, but is produced principally from the mineral chromite. Chromite

contains chromium in the +3 oxidation state, or Cr{III). Chromium combines

with various other elements to give compounds, the most common of which

contain either Cr(III), which is trivalent chromium (the +3 oxidation state)

or Cr(VI), which is hexavalent chromium (the +6 oxidation state).-1/

Thousands of Cr(III) compounds exist, exhibiting a wide range of colors,

structures, and chemical properties.-2/ Cr{VI) compounds are produced

industrially by heating Cr(III) compounds in the presence of mineral bases

(such as soda ash) and atmospheric oxygen. Most Cr(VI) compounds contain

oxygen, and are highly soluble in water. Cr{VI) solutions are powerful

oxidizing agents under acidic conditions, but much less oxidizing under basic

conditions. Depending on the concentration and acidity, Cr(VI) can exist as

either chromate ion {Cr04):, or as dichromate ion {Cr207):. Because

dilute chromate solutions passivate metal surfaces, they are widely used to

inhibit corrosion in recirculating water systems such as cooling towers.
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Table II-1

Physical Properties of Chromium_l/

Property Value

atomicweight 51.996
isotopes, %

50 4.31
52 83.76
53 9.56
54 2.38

crystalstructure bodycenteredcube
density at 20°C, g/cra3 7.19
meltingpoint,°C 1875
boilingpoint,°C 2680
vapor pressure, 130 P_/, °C 1610
heat of fusion, kj/mol_b/ 13.4-14.6
latent heat of vaporization at bp kJ/mol_b/ 320.6
specific heat at 25°C, kJ/(mol-K)_b/ 23.9 (0.46 kJ/kg-K)
linear coefficient of thermal expansion at 20°C 6.2 x lO-6
thermal conductivity at 20°C, W/(m-K) gl
electrical resistivity at 20°C, microohm-m 0.129
specificmagnetic susceptibilityat 20°C 3.6 x 10-6
total emissivity at lO0°C nonoxidizingatto 0.08
reflectivity, R

lambda,nm 300 500 10004000
% 67 70 63 88

refractive index
alpha 1.64-3.28
1ambda 2,570-6,080

standard electrode potential, valence 0 to 3+, V 0.71
ionization potential, V

1st 6.74
2nd 16.6

half-lifeof 51Crisotope,days 27.8
thermal neutron scattering cross section, m2 6.1 x 10-28
elastic modulus, GPa_/ 250
compressibility&,d/at 10-60 TPa 70 x 10-3

a/ To convert Pa to mm Hg, multiply by 0.0075.i

b/ To convert J to cal, divide by 4.184. '
__/ To convert GPa to psi, multiply by 145,000.
d/ 99% Cr; to convert TPa to megabars, multiply by 10.
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B. FORMATION AND FATE IN THE ATMOSPHERE

There is very little information available on the reactivity of chromium

compounds in the atmosphere.

Atmospheric reactions of chromium compounds have not been characterized.

The persistence of chromium(VI) in the atmosphere has not been determined. It

has been postulated that chromium metal and chromium (III) would be stable in

the atmosphere, based on their low reactivity._/ The assertion has been

made that chromium{VI) would eventually react with dust or other pollutants to

form chromium (III)._/ The rate at which chromium (VI) reacts in the

atmosphere may depend on the presence and nature of oxidizable species,

relative humidity, or the pH of atmospheric water, or a combination of these

factors.

Physical removal of chromium from the atmosphere occurs both by

atmospheric fallout (dry deposition) and by washout and rainout (wet

deposition). Measurements have shown that most chromium deposition occurs

through wet deposition._/ Chromium particles of less than 5 um (aerodynamic

equivalent) diameter may remain airborne for extended periods of time,

allowing long distance transport by wind currents.5'6/ Because of this,

meteorological conditions can play a significant role in the dispersion of

chromium emitted from some sources.

II-3



REFERENCES FOR CHAPTER II

1. Kirk-Othmer, 1980. Encyclopedia of Chemical Technology, 3rd Edition,
Volume 6. John Wiley & Sons, Inc., New York.

2. Cotton, F.A. and G. Wilkinson, 1966. Advanced Inorganic Chemistry, 2nd
Edition, Interscience Publishers, New York.

3. Towill, Leigh E., et al., 1978. Reviews of the Environmental Effects of
Pollutants: III Chromium. EPA-600/1-78-023, U.S. Environmental
Protection Agency Health Effects Research Laboratory, Office of Research
and Development, Cincinnati, OH.

4. National Research Council, 1974. Chromium. National Academy of
Sciences, Washington, D.C.

5. Sehmel, G. A., and Hodgson, W. H., 1974. Predicted Dry Deposition
Velocities. Proc. of the Symposium on Atmosphere-SurfaceExchange of
Particulate and Gaseous Pollutants, Richland, WA. NTIS C0NF-7¢0921,
Environmental Protection Agency Symposium Series 38, 1976.

6. Hanna, S. R., Brqggs, G. A., Hosker, R. P., 1982. Handbook on
Atmospheric Diffusion. Office of Energy Research, U.S. Department of
Energy.

II-4



III. AMBIENT CONCENTRATIONS IN THE COMMUNITY

A. AMBIENT AIR DATA
f

Chromium databases compiled by both the Environmental Protection Agency

{EPA) and the California Air Resources Board {ARB) were used in this

analysis. The EPA data are included in the National Aerometric Data Bank and

contain total chromium concentrations sampled from 1960 through 1968 and from

1977 through 1981 throughout California by various public agencies (federal,

state, and local). All data were collected using high-volume samplers and

were subsequently analyzed for chromium. The accuracy of data contained in

the EPA database is not documented.

However, certain procedures have been undertaken to ensure reliable

data. Although the chromium data were originally sampled and analyzed by a

number of different agencies, the agenc les presumably appl led acc eptabl e

quality assurance practices during the collection and analysis phases.

Additionally, after the data were received by EPA, edit and validation checks

were used to further screen the data before they were included in the NADB.

The purpose of the checks is to assure the accuracy and completeness of data

contained in the NADB system (EPA, 1976).

Although data are available for 1960 through 1981, data from only the

five most recent years (1977-1981) were used in our analysis. These data as

reported in the NADB comprise total chromium concentrations greater than zero

as well as values equal to zero, for a single analysis method. It should be

noted that a concentration reported as zero does not necessarily indicate the

absence of chromium but rather that the chromium concentation sampled was
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below the limit of the analytical techniques. For the work presented in this

section, zero values were replaced with a concentration equal to one-half the

lowest non-zero concentration measured during the particular year of concern.

In addition to total chromium data, the EPA NADB database contains

corresponding measurements of total suspended particulate matter. The

Statistical Analysis System (SAS) software package was used to determine what,

if any, relationship exists between chromium and total suspended particulate

matter (TSP) (SAS, 1982). This analysis was used to determine whether total

chromiumconcentrationscould be predictedusing TSP concentrations.Data

collected at twenty sites from January 1977 through December lg81 were

analyzed. No site had complete data for the entire period.

The ratio of meanchromiumto mean TSP, thecorrespondingstandard

deviation,the coefficientof variation(SD/Mean),and the correlation

coefficient between chromium and TSP were evaluated for each site included in

the analysis. The results show a wide range of individual mean ratios, and

large standard deviations around the mean ratios. No spatial or temporal

patterns were apparent in the results. Correlation coefficients between

chromium and TSP are relatively low (less than 0.64), indicating no

significant relationship between the two variables. Based on these results,

no usable relationship was found.

In additionto the statisticsalreadydiscussed,peak-to-meanratiosfor

total chromium were also calculated to give general insights as to the nature

of chromium emissions. These results are given in Table III-1. A small

peak-to-mean ratio (less than 4.0) indicates relatively constant chromium

concentrationsand therefore,a relativelyconstantand homogeneoussource

j'
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TABLE III-1

PEAK-TO-MEAN RATIOS FOR CHROMIUM -- 1977-1981
(unitsare ng/mj)

Peak:
EPASite Peak Mean Mean

SiteName Number ChromiumChromium Ratio n

Anaheim-Harbor 0230001 28.3 7.1 3.99 106

Bakersfield 0520003 22.5 9.4 2.39 28

Berkeley-BerkeleyWy 0740001 72.9 7.5 9.72 61

Burbank-W.Palm 0900002 23.6 10.5 2.25 30

Fresno-S.Cedar 2800002 32.4 9.5 3.41 58

Long Beach-Pine 4100001 41.0 17.9 2.29 27

LosAngeles-S.SanPedro 4180001 66.6 15.5 4.30 93

Los Angeles-Downtown 4180103 35.2 17.3 2,03 25

Oakland-FifthSt 6300001 60.3 19.0 3,17 29

Ontario-Airport 5380001 50.5 15.6 3.24 137

Oxnard 5560001 15.0 6.0 2.50 26

Pasadena 5760002 32.8 13.5 2.43 29

SanBernardino-W.3rd 6680001 280.8 23.6 ll.90 99

SanDiego-Island 6800004 40.8 9,1 4.48 94

SanFrancisco-Grove 6860001 14.8 5.8 2.55 30

SanFrancisco 6860004 21.8 9.3 2.34 23

SanJose-N.4th 6980004 36.3 12.2 2.98 99

SantaAna-Ross 7180001 24.4 9.1 2.68 64

Torrance-Carson 8260001 315.3 30.5 10.34 29
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area. A large peak-to-meanratio (greaterthan or equalto 4.0) is indicative

of variable chromium concentrations and either intermittent or heterogeneous

emission sources.

Peak-to-mean ratios calculated for EPA data are generally low. Ratios

less than 4.0 were calculated for fifteen of the twenty sites; conversely,

ratiosequal to or greaterthan4.0 werecalculatedfor one-fourthof the

sites, The sites with the highest peak-to-mean ratios, San Bernardino-West

3rd and Torrance-Carson, also showed the highest peak concentrations and the

highest mean concentrations. Results of the peak-to-mean analysis suggest

that while chromium concentrations surrounding the majority of sites analyzed

reflect homogeneous source areas, twenty-five percent of the sites analyzed

are impacted by spatially non-uniform or intermittent sources.

The secondchromiumdatabase,the ARB database,was collectedfrom

Dec_nber 1982 through June 1984 using dichotomous (di-chot) samplers. The

dichot samplers collect only those particles which are less than or equal to

ten microns aerodynamic diameter. Particles are further subdivided into a

coarse (2.5 microns to lO.O microns diameter) and a fine (less than 2.5

microns diameter) fraction. All di-chot data used in this analysis reflect

use of a percentage factor to correct for error in the sampling apparatus.

Because of the nature of the dichotomous sampling apparatus, most of the fine

fraction particles (approximately ninety percent) are captured in the fine

fraction; however, a small percentage (approximately ten percent), are

deposited in the coarse fraction. Consequently, fine and coarse fraction

concentrations must be adjusted to reflect this sampling error. The accuracy

of the di-chot data is approximately +_60percent.
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Chromium data from the di-chot samplers (PMio chromium) are summarized

in Table III-2. Averagesof totalchromiumrange from 1.6 ng/m3 to

11.4 ng/m3 with most valuesin the 3 to 4 ng/m3 range. The coarse

fraction generally contained about twice as much PMio chromium as the fine

fraction. Long Beach showed the highest peak and the highest mean

c onc entrati OhS.

In additionto totalchromium,the databasecontainscorresponding

measurements for particulate matter less than or equal to ten microns

aerodynamic diameter (PMio), and also for total suspended particulate matter

(TSP). The SAS software package was used to assess the di-chot data to

determine the relationship between total chromium and particulate matter.

Total PMio chromium, coarse fraction PMio chromium, and fine fraction

PMio chromium, as related to PMio particulate matter and TSP, were

evaluated. Results showed a wide range of mean ratios and large standard

deviations around the mean ratios. Correlation coefficients are all less than

0.61, indicating no statistically signficiant relationship between PMiO

chromium, and PMio particulate matter or TSP.

In addition, peak-to-mean ratios for PMio chromium were calculated.

Ratios were calculated for total (fine + coarse) chromium as well as for the

coarse and fine fractions individually. Results are shown in Tables III-3,

III-4, and III-5. Ratios calculated for total PMio chromium (Table III-3)

suggest that chromium source areas tend to be homogeneous; ratios are low at

all but one of the nine sites. Results for the coarse and fine fractions

individually (Tables III-4 and III-5) are more specific, and suggest impact

from either intermittentor heterogeneousemissionsourcesat one-thirdof the
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TABLE III-2

SUMMARY OF AVERAGE CHROMIUM CONCENTRATIONS FROM ARB DICHOTOMOUS SAMPLES
(units are ng/m 3)

ARB Coarse Fine Total Total

Site Name Site Number Fraction Fraction Chromium Samples

Bakersfield 1500203 2.91 1.09 4.O0 56
Chico 0400628 2.75 0.85 3.60 34
ChinaLake 1500211 0.89 0.67 1.56 53
Fresno 1000234 2.21 1.57 3.78 41
G1endora 7000591 1.84 1.84 3.69 68
Lancaster 7000593 2.13 0.88 3.O1 72

LongBeach 7000072 8.21 3.18 11.39 36
Riverside 3300146 2.06 1,61 3.67 72

Yuba City 5100895 2.49 1.35 3.84 51

TABLE III-3

PEAK TO MEAN RATIOS FOR TOTAL (FINE + COARSE) DICHOTOMOUS CHROMIUM
(units are ng/m3)

ARB Peak Mean P:M Total
Site Name Site Number ChromiumA ChromiumA Ratios Samples

Bakersfield 1500203 10.0 4.00 2.50 56
Chico 0400628 lO.O 3.60 2.78 34
ChinaLake 1500211 3.0 1.56 1.92 53
Fresno 1000234 8.0 3.78 2.12 41
Glendora 7000591 lO.O 3.69 2.71 68
Lancaster 7000593 16.0 3.01 5.32 72
LongBeach 7000072 39.0 11.39 3.42 36
Riverside 3300146 lO.O 3.67 2.72 72

Yuba City 5100895 14.0 3.84 3.65 51

A Total (hexavalent and trivalent) chromium
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TABLE III-4

PEAK-TO-MEAN RATIOS FOR COARSE FRACTION DICHOTOMOUS CHROMIUM

(units are ng/m3)

ARB Peak Mean P:M Total

Site Name Site Number ChromiumA ChromiumA Ratio Samples
Bakersfield 1500203 _.89 2.91 _ 56
Chico 0400628 7.78 2.75 2.83 34
ChinaLake 1500211 2.00 0.89 2.25 53
Fresno 1000234 5.78 2.21 2.62 41
Glendora 7000591 5.56 1.84 3.02 68
Lancaster 7000593 16.00 2.13 7.51 72
LongBeach 7000072 34.56 8.21 4.21 36
Riverside 3300146 6.78 2.06 3.29 72
YubaCity 5100895 11.78 2.49 4.73 51

TABLE III-5

PEAK-TO-MEAN RATIOS FOR FINE FRACTION DICHOTOMOUS CHROMIUM

(units are ng/m3)

ARB Peak Mean P:M Total
Site Name Site Number ChromiumA ChromiumA Ratio Samples
Bakersfield 1500203 5.55 1.09 5.u9 s6
Chico 0400628 2.22 0.85 2.61 34
China Lake 1500211 2.22 0.67 3.31 53
Fresno 1000234 3.33 1.57 2.12 41
Glendora 7000591 5.55 1.84 3.02 68
Lancaster 7000593 3.33 0.88 3.78 72
LongBeach 7000072 8.88 3.18 2.79 36
Riverside 3300146 7.24 1.61 4.50 72
Yuba City 5100895 13.32 1.35 9.87 51

A Total (hexavalent and trivalent) chromium
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sites evaluated for each individual size fraction. Although results indicate

that source areas are in more cases homogeneous, it is apparent from the data

that intermittent or heterogeneous sources do impact resulting chromium

concentrations at some sites and that the size distribution of particles

involved is just as likely to be in the fine fraction as in the coarse

fraction.

The purpose of the analyses discussed above was both to determine whether

particulate matter measurements could be used to estimate total chromium

concentrations, and to determine the characteristics of chromium emissions.

Results show that neither TSP or PMio mass measurements provide adequate

information for estimating corresponding chromium concentrations. No

significant correlations were found using either dataset. Peak-to-mean ratios

suggest that homogeneous source areas for chromium are present at many of the

locations evaluated, while other sites show impact by local intermittent or

heterogeneous sources or both, and that chromium from these sources is

contained both within the fine fraction and coarse fraction particulate.

Work is being carried out to characterize the concentrations of total

chromium and chromium(VI) in ambient air. Recent evaluation of ARB Method 106

indicates that chromium(VI) is unstable once collected, and that substances

may be present in the samples which reduce the specificity of the method to

chromium(VI). Because of these problems with Method 106, the validity of data

produced by the method is uncertain. Until these questions of recovery and

specificity for Method 106 can be resolved, data collected using Method 106

cannot be considered reliable, and will not be used in our analyses.

An alternative method to ARB Method 106 for the determination of

chromium(VI) in ambient air is being developed. A copy of draft Method

J
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ADDLO06, Method for the Speciation and Analysis of Hexavalent Chromium at

Ambient Atmospheric Levels, is attached.

During August 1985, four samples were collected in E1 Monte and analyzed

for chromium(VI) using draft Method ADDLO06. The four 24-hour samples showed

chromium(VI) concentrations between 0.4 and 0.7 ng/m3, with an average of

0.5 ng/m3. These values are close to the estimated limit of detection (0.21

ng/m3) derived from laboratory evaluation of the method. Comparison of the

limited information on chromium{VI) concentrations with total chromium

concentrations in E1 Monte indicates that hexavalent chromium comprises

between 3 and 8 percent of total atmospheric chromium. These estimates are

based on preliminary chromium(VI) concentration measurements developed, using

draft Method ADDIO06. A validated method for sampling and analysis of

chromium(VI) and additional information on chromium(VI) exposure will be

prerequisite to the development of any control measures for chromium{VI).

B. ESTIMATES OF ANNUAL _4BIENT CHROMIUM EXPOSURE TO TOTAL CHROMIUM

Limitations to Analysis

Estimates of annual total chromium exposure were made for several areas

in California. Because of the nature of the data used in making

theseestimates several important assumptions had to be made which impose

certain limitations on the interpretation and use of the resulting data. The

most important aspects of these limitations are summarized below:

l) The EPA data used to estimate annual population exposures for

chromium were originally obtained from a number of different

sources. It is probable that differentcollection and analysis

methods and standards were employed by the various sources. Because
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the accuracy of the chromium measurements is undocumented, the

accuracy of the analyses presented here is unknown.

2) Data used to estimate annual population exposures for chromium are

from a limited number of sites and based on a limited number of

observations at those sites. Because of this, the true variability

and magnitude of chromium concentrations may be more or less than

those presented here. Also, because the spatial representativeness

of each station is unknown, it is uncertain how differences in

spatial representation between stations would affect the results

presented.

3) Data used in these analyses are all representative of ambient

outdoor concentrations; no consideration is given to indoor or

workplace exposure. The exposure estimates presented here are based

on the assumption that an individual's exposure was from the outdoor

ambient air concentrations measured or calculated for the area in

which the individual resides.

4) Chromiumsamplescollectedduring1977and populationdata collected

duringlg80 havebeen used to make an estimateof annualpopulation

exposureto totalchromium. These datawere used becausethey allow

estimationof annualaverageconcentrationsof totalchromium.

Changesmay have occurredsincethese datawere compiled;current

total chromium concentrations and population exposures may be

different. More recent data have become available which suggest

that concentrations are lower, although these data are not adequate

to estimateannualexposure.

5) Stationarysourcesof chromiumare not explicitlyconsideredin

estimation of annual population exposure; they are considered
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indirectly as a function of their contribution to chromium measured

at the sampling sites. Exposures in receptor areas near large

stationary sources of chromium are discussed separately.

6) Data presented here represent concentrations of total chromium.

Limited preliminary data suggest that from 3 to 8 percent of total

chromium may be chromium(VI) in areas not directly affected by

chromium(VI) emissions.

7) Data from 1977 used for assessment of population exposure represent

chromium particulate matter less than 50 micrometer (aerodynamic

equivalent) diameter. Data on atmospheric concentrations of chromium

particulate matter of respirable size (less than l0 micrometer

diameter), gathered during 1982-1982, are presented in summary form

in Table III-2 (page iii-6).

Annual ambient population exposures were estimated using data from the EPA

NADB database. As stated previously, the EPA comprise 24-hour total chromium

concentrations collected with high-volume particulate samplers. All data were

analyzed using the neutron activatio analysis method. Although data are

available for the years 1977 through 1981, much of the data for individual

years are incomplete. Data for the year 1977 are the most suitable for use in

evaluating annual total chromium exposures. The 1977 data were collected at

sixteen stations. Although the sampling sites reflect a variety of land use

parameters, all sites were established to provide data reflecting population

oriented total chromium concentrations (EPA, 1984). Site-specific location

and influence criteria are summarized in Table III-6.

Total chromium data collected at the sixteen sites during 1977 are

summarized in Table III-7. Approximately two to three samples were collected

at each site during each month of the year. Zero values comprised from three

to seventy-seven percent of values reported at a given site; for all sites
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TABLE III-6

Summary of Location Characteristics and Dominating Influences
Surrounding Sampling Sites Used in Exposure Analysis

EPASite Location Dominating
Site Name Number Characteristics Influence

SoCAB Sites:
Anaheim-HarborB1vd. 0230001 Suburban Commercial

Burbank-WestPalm Ave. 0900002 CenterCity Commercial

LongBeach-Pine Ave. 4100001 CenterCity Commercial

LosAngeles- 4180001 CenterCity Commercial
So. San Pedro

OntarioAirport $380001 Rural Commercial

Pasadena-CalTech 5760002 CenterCity Residential

San Bernardi no-West
3rdStreet 6680001 CenterCity Commercial

SantaAha-RossStreet 7180001 CenterCity commercial

Torrance-CarsonStreet 8260001 CenterCity Residential

SFBAAB Sites:

Berkeley-Berkeley Way 0740001 CenterCity Residential

Oakland-FifthStreet 5300001 CenterCity Industrial

San Francisco- 6860001 CenterCity Commercial
Grove Street

Other Sites:

Fresno-SouthCedarAve. 2800002 CenterCity Commercial

Sacramento-StocktonBlvd. 6580001 CenterCity Commercial

San Diego-IslandAve. 6800004 CenterCity Commercial

San Jose- North4th St. 6980004 CenterCity Commercial
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Table III-7

Summary of 1977 Chromium Data from the EPA
National Aerometric D_ta Bank

(unitsare ng/mj)

EPA Site Maximum Average Standard Number of Samples:*
SiteName Number Chromium Chromium Deviation Total Zero

SoCAB Sites:

Anaheim-
HarborBlvd 0230001 28.3 6.4 5.2 30 23
Burbank-
West Palm Ave 0900002 23.6 10.7 6.2 30 10

Long Beach-
Pine Avenue 4100001 41.0 17.9 9.9 27 2

Los Angel es
So.SanPedro 4180001 66.6 19.1 12.2 30 1

Ontario-Airport 5380001 34.2 18.5 6.7 30 1
Pasadena-CaiTech 5760002 32.8 13.7 8.0 29 7
San Bernardino-
West3rdSt. 6680001 103.3 33.3 24.1 29 2

Santa Ana-
Ross Street 7180001 20.9 10.8 5.3 29 7

Torrance-
CarsonStreet 8260001 315.2 30.6 56.2 29 5

SFBAAB Sites:

Berkel ey-
BerkeleyWay 0740001 72.9 9.0 13.7 30 19
Oakland-FifthSt. 5300001 60.3 19.0 10.1 29 1
San Francisco-
GroveStreet 6860001 14.8 6.2 3.6 30 21

Other Sites:

Fresno-So.Cedar 2800002 32.4 12.3 8.3 30 l0
Avenue
Sacramento- 6580001 23.6 10.8 5.7 30 7
Stockton Blvd.

San Diego-
IslandAvenue 6800004 23.6 ll.7 6.3 30 7

San Jose-
North4th Street 6980004 29.1 14.3 7.6 30 5

N.B.-The minimumconcentrationreportedat each site during 1977was
zero. The minimumnon-zerovalue reportedat any site was 8 ng/m3.

* These numbers represent the total number of samples included in the
analysis and the number of samples for which a zero value was reported.
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FIGURE III-1

LOCATION OF MODELING AREAS AND STATIONS, THE DATA FROM WHICH WERE USED
TO INTERPOLATE CHROMIUM IN THE SOUTH COAST AIR BASIN
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combined, twenty-seven percent of values were reported as zero. The number of

zero values reported at each site is summarized in Table III-7. As stated

previously, a reported zero concentration does not necessarily indicate an

absence of chromium but rather that the chromium concentration was below the

limit of the analytical techniques. There are several ways to treat zero

values when calculating annual averages. Reported zero values can be assumed

equal to zero, assumed equal to the lower limit of analysis, or assumed equal

to one-half the lower limit of analysis. Including zero concentrations as

zero results in estimates the lowest averages; assuming zero values equal the

lower limit of analysis results in the highest averages. These two extremes

likely bracket the possible range of concentration averages. Assuming zero

concentrations equal one-half the lower limit of analysis provides a third

estimate of concentrations.

In the following discussion, zero values were replaced with a

concentration of one-half the lowest non-zero concentration sampled at any

site during 1977, 4.0 nanograms per cubic meter. Alternatives to this

approach are presented later in this section. We assume the lowest non-zero

value reported during 1977 equals the lower limit of the analytical techniques

used. Of the sixteen sites used in this analysis, three had more than fifty

percent of all values reported as zero; nine sites had more than twenty

percent of all values reported as zero. The occurrence of many zero values at

a number of sites and the assumptions made in replacing them with a single

concentration (4.0 ng/m3) necessarily limits the confidence that can be

placed in the results presented here.

Maximum twenty-four hour total chromium concentrations at each site range

from 14.8 ng/m3 to 315.5 ng/m3, while annual average chromium

concentrations range from 6.2 ng/m3 to 33.3 ng/m3. The highest

twenty-four-hour average concentration and annual average concentration both

occurred at stations located in the South Coast Air Basin.
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As Seen in Table III-7, the majority of sites for which chromium data are

available are located in the South Coast (SoCAB) and San Francisco Bay Area

(SFBAAB) air basins. Other stations are located in Fresno and San Diego.

Using the appropriate annual average concentrations given in Table III-7,

annual chromium concentrations were interpolated to 1980 census tract

centroids for the SoCAB and SFBAAB using the McRae inverse distance-squared

interpolation routine(McRae, 1982).

Total chromium concentrations in the SoCAB were interpolated for an area

of 200 by 80 kilometers. The limits of the modeling area and the relative

locations of stations used for interpolation are shown in Figure III-1.

Barriers to interpolation, such as mountain ranges, were included as

appropriate. Based on 1980 census data, total population in the SoCAB is

approximately ll million. Census tracts within the modeling area have a total

population of just over l0 million. Figure III-2 is a graphic illustration of

annual chromium concentrations interpolated to the modeling area.The plot

indicates that annual concentrations during 1977 were highest in the eastern

portion of the grid ISan Bernardino station) with a secondary peak to the

southwest (Torrance station). Areas with zero concentrations do not

necessarily reflect an absence of chromium but rather, the influence of

barriers to interpolation. Overall, annual average concentrations calculated

for the modeling area are between 6.4 ng/m3 and 23.2 ng/m2. A

corresponding plot of population within the study area is shown in

Figure III-3. Comparison of the two figures show the highest population

density near the secondary peak at the Torrance-Carson site.
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FIGURE III-2

SOCAB 1977 Total Chromium in 5 KM Cells
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FIGURE III-3

SOCAB 1980 Population Density for 5 KM Ce!Is
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Figure III-4 shows the population exposed to various annual average

chromium concentrations in the SoCAB. The majority of people were exposed to

between 11.0 and 21.0 ng/m3 total chromium. The population-weighted average

exposure in the SoCAB is 16.9 ng/m3 while the geographic average is

16.6 ng/m3. Figure III-5 shows the same data plotted in Figure III-4, but

plotted as cumulative population versus annual average chromium. According to

this figure, more than 2 million people were exposed to at least 20.0 ng/m3

total chromium in 1977.

Because the data available for the San Francisco Bay Area Air Basin

lacked good spatial coverage, estimates of exposure could be estimated for

only a forty by twenty-five kilometer area. The limits of the modeling area

and the relative locations of stations used for interpolation are shown in

Figure III-6. Barriers to interpolation were included as appropriate.

Although there are approximately five million people in the SFBAAB, the total

population in the modeling area is only about 1.5 million. A graphic

illustration of annual chromium concentrations interpolated to the SFBAAB

modeling area is shown in Figure III-7. Annual concentrations are greatest in

the eastern portion of the grid (Oakland station). Areas with zero

concentration reflect the influence of barriers to interpolation. A plot of

population density in the study area in shown in Figure III-8. Comparison of

Figures III-7 and III-8 show that the peak population density occurs to the

west of the peak chromium concentrations; a secondary peak of population

density occurs very near the point of peak concentration. Figure III-9 shows

population exposures to total chromium in the SFBAAB modeling region. Almost

800,000 of the 1.5 million people in the study area were exposed to 9.0
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FIGURE III-6

LOCATION OF HODELING AREAS AND STATiOi;5 USED, THE DATA FROM WHICH WERE USED
TO INTERPOLATE CHROqIUM IN THE SAN FRANCISCO BAY AREA
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FIGURE III-7

SF Bay Area 1977 Total Chromium in 5 KM Cells
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FIGURE III-9

MILLIONS 1877 OHROMIUM EXPOSURE FOR $F BAY AREA
I ANNUAL AVERAGE CONCENTRATIONS
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ng/m3 or more of total chromium during 1977. Cumulative exposures are shown

in Figure III-lO. In the SFBAAB, the population-weighted chromium

concentration for 1977 was 10.8 ng/m3. The geographic mean was 11.3 ng/m3.

Annual total chromium exposure estimates for the other areas in the state

were calculated somewhat differently from those for the South Coast and San

Francisco Bay Area Air Basins. Data were available for only one site in each

of four cities: Fresno, Sacramento, San Diego, and San Jose. For these

cities, we assumed that the annual total chromium concentration at each site

was representative of the exposure experienced by the population living in

those census tracts with centroids not more than ten kilometers from the

sampling site. The annual concentration at the sampling sites and the

population exposed to that concentration are summarized in Table III-8. As

shown in this table, annual population exposures to total chromium in these

areas ranged from 10.6 ng/m3 to 14.3 ng/m3.

TABLE III-8

ANNUAL CHROMIUM EXPOSURE FOR SPECIFIC CENSUS TRACTS

EPA PopulationWithin Annual Average.
Site Name Site Number lO Kilometers Chromium(ng/mj)

Fresno-South
CedarAvenue 2800002 250,612 12.3

Sacramento- 6580001 376,283 10.6
Stockton Blvd.

San Diego-
IslandAvenue 6800004 477,482 11.7

San Jose-
North4thSt. 6980004 608,945 14.3

III-25



FIGURE III-lO

MILLIONS 1877 CHROMIUM EXPOSURE FOR SF BAY AREA
ANNUAL AVERAGE CONCENTRATICNS
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In addition to the approach discussed above, population exposures were

determined using two alternative approaches to provide a range of possible

values. The alternative approaches differ only in their treatment of zero

concentrations. The first alternative approach assumes zero values in the

database are actually zero concentrations. This approach provides a

lower-bound estimate of population exposure. The second alternative approach

assumes zero values in the database equal the lowest non-zero concentration

reported during 1977 (7.9 ng/m3). This approach provides an upper bound

estimate of population exposure. The effect of these alternative approaches

on resulting concentrations is directly related to the number of zero

concentrations reported at each individual site {refer to Table III-8). The

greater the percentage of reported zero concentrations, the greater the

variation in concentrations of one approach versus the other.

Exposure estimates based on these alternative approaches are summarized in

Table III-9. Results based on the first approach show geographic averages

ranging from 9.4 ng/m3 to 15.7 ng/m3 and population-weighted

concentrations ranging from 8.9 ng/m3 to 16.1 ng/m3. Geographic average

concentrations based on the second approach range from ll.7 ng/m3 to 17.5

ng/m3 while population-weighted averages range from 11.7 ng/m3 to 17.8

ng/m3.

Limited data on current ambient total chromium concentrations have

recently become available as a result of the Air Resources Board's ongoing

effort to document ambient levels of potentially toxic compounds. Data are

available for nineteen locations for varying periods of time during January

through June of 1985. These data represent twenty-four hour samples collected

using either high volume or low volume particulate samplers and subsequently
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analyzed for total chromium using atomic absorption or X-ray fluorescence,

respectively.

The data are summarized in Table III-10. Minimum concentrations reported

during the six months range from below the quantitation limit (1.0 ng/m3) to

3.0 ng/m3. The maximum concentrations reported was 24.0 ng/m3. Averages

of values at each site range from 1.9 ng/m3 to 9.1 ng/m2. The average

concentration for all sites combined is 4.7 ng/m3.

The 1985 ARB total chromium data are compared with the 1977 EPA total

chromium data in Table III-11. Although all EPA sites are included in this

comparison, only fourteen of the nineteen ARB sites are included. These

fourteen sites are the only ARB sites located in the same areas as the EPA

sampling locations. As is apparent from Table III-11, total chromium data

from 1985 are different from chromium data of 1977. The 1977 data show higher

concentrations. The maximum twenty-four hour concentration sampled during

1977 was 74.5 ng/m2 whereas the maximum twenty-four hour concentration

sampled during 1985 was 24.0 ng/m3. Average concentrations during 1977

ranged from 4.0 ng/m3 to 34.5 ng/m3. This range compares with a range of

1.9 ng/m3 to 9.1 ng/m3 for the ]985 data. Overall concentrations reported

by EPA for 1977 are approximately 1.5 to 3.5 times greater than those reported

for 1985. Data summarized in Table III-11 suggest present total chromium

concentrations are lower than those measured during 1977; however, several

factors should be considered in comparing the data. These factors include:

1. Site locations during 1985 are not the same as those used in

1977;
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TABLE III-9

Comparison of Population Exposures to Chromium During 1977

Using Three Approaches*

(unitsare ng/m3)

Approachfl Approach#2 Approach#3
Area Location Geog Avg/Pop-WtAvg Geog Avg/Pop-WtAvg Geog Avg/Pop-WtAvg

SoCAB Area-
(150x 80 km) 15.7 / 16.1 16.6 / 16.9 17.5 / 17.8

BAAB Area-
( 40 x 20 km) 9.4 / 8.9 ll.3 / 10.8 13.1 / 12.7

FresnoArea-
( l0 km radius) ll.O / 11.0 12.3 / 12.3 13.6 / 13.6

Scramento Area-
(lO km radius) 9.8 / 9.8 10.6 / 10.6 11.7 / 11.7

San Diego Area
(10 km radius) 10.7 / 10.7 11.7 / ll.7 12.6 / 12.6

San Jose Area-
(lO km radius) 13.7 / 13.7 14.3 / 1432 15.0 / 15.0

* The three approachesused differin the way in which zero valuesin the
databasewere treated:

Approach#1: Zero valueswere assumedequal to zero (0.0 rig/m3).
Approach#2: Zero valueswer_ assumedequal to one-halfthe quatitation

limit (0.6 rig/mi).
Approach#3: Zero valueswere assumedequal to the quantitationlimit

(1.2 ng/m3).
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TABLE III-lO

Summary of ARB Chromium Data Sampled
January through June 1985

(units are ng/m3)

EPA Site Minimum Maximum Average Number of Samples:
Site Name Number Chromium* Chromium Chromium Total Zero

SACRAMENTO VALLEY AIR BASIN

Citrus Heights-
SunriseBlvd 3400293 2.0 ll.O 5.4 13 0
SANDIEGOAIRBASIN
ChulaVista- 8000114 0.5 6.0 2.8 14 1
E1 Cajon-
RedwoodAvenue 8000131 1.O 4.0 3.0 8 0

SAN FRANCISCO BAY AREA AIR BASIN
Richmond-13thSt. 0700433 2.0 5.0 3.4 14 0
Concord-
2975 Treat Blvd. 0700440 1.O 2.0 !.9 15 0
San Jose-4th St. 4300382 2.0 21.0 8.2 14 0
Fremont-Chapel Way 6000336 1.O 5.0 2.4 15 0
San Francisco-
23rdStreet 9000304 2.0 6.0 3.9 15 0

SAN JOAQUIN VALLEY AIR BASIN:
Fresno-Olive 1000234 2.0 lO.O 4.3 12 0
Bakersfield- 1500203 2.0 7.0 4.3 15 0
Chester Street
Stockton- 3900252 3.0 6.0 4.1 12 0
Hazelton Street
Modesto- 5000568 3.0 7.0 3.9 15 0
418 14th Street
SOUTH CENTRAL COAST AIR BASIN:
Santa Barbara- 4200378 1.O lO.O 3.5 8 0
Canon Perdido

Simi Valley- 5600413 1.O 4.0 2.4 16 0
SOUTH COAST AIR BASIN:
Riverside- 3200144 2.0 14.0 7.3 ll 0
Rubidoux
Upland 3600175 0.5 9.0 4.8 13 1
NorthLongBeach 7000072 2.0 ll,O 6.3 12 0
LosAngeles- 7000087 3.0 23.0 9.1 lO 0
North Main
E1 Monte-ARB HSLD 7000679 3.0 24.0 8.6 50 0

* A concentration of 0.5 ng/m3 is equal to one-half the quantitation limit
of 1.O ng/mj and was substituted for the value below the quantitation
limit.
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TABLE III-11

Comparison of 1977 EPA Chromium Data with 1985 ARB Chromium Data*
(units are ng/m3)

1977 1985

Characteristic Being Compared: EPA Chromium Data ARB Chromium Data

SAN FRANCISCO BAY AREA AIR BASIN SITES:
Range of MinimumConcentrations 4.0 - 4.0 1.O - 2.0
Range of Maximum Concentrations 13.9 - 28.2 2.0 - 21.0
Range of Average Concentrations

(EachSite Individually) 7.2 - 16.8 1.9 - 8.2
ObservationsperSite 7 14- 15
Average Concentration

(AllSitesCombined) 11.8 4.0

SOUTH COAST AIR BASIN SITES:

Range of Minimum Concentrations 4.0 - lO.O 0.5 - 3.0
Range of Maximum Concentrations 4.0 - 74.5 9.0 - 24.0
Range of Average Concentrations

(EachSite Individually) 4.0 - 34.5 4.8 - 9.1
Numberof Observations ll- 12 l0 - 50

Average Concentration
(AllSitesCombined) 15.9 7.2

FRESNO AREA SITE:
MinimumConcentration 4.0 2.0
MaximumConcentration 12.3 lO.O
AverageConcentration 6.8 4.3
NumberofObservations 7 12

SACRAMENTO AREA SITE:
MinimumConcentration 4.0 2.0
MaximumConcentration 17.8 ll.O

Average Concentration 9.0 5.4
Number of Observations 7 13

SAN DIEGO AREA SITE:
MinimumConcentration 4.0 0.5
MaximumConcentration 16.9 6.0

Average Concentration 10.0 2.8
Number of Observations 15 22

SAN JOSE AREA SITE:
MinimumConcentration 4.0 0.5
MaximumConcentration 28.2 21.0

AverageConcentration 16.8 8.2
Number of Observations 7 14

* Data included in this comparison are limited to samples collected from
January through June of the two different years.
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2. Meteorological conditions under which the 1985 data were

collected may differ from those present during 1977;

3. The 1985 chromium data reflect a quantitation limit of 1.O

ng/m3. This concentrationis approximatelyone eighththe quantitation

limit for the 1977 data;

4. Chromiumsamplingduring1985 employeddifferentcollectionand

analysis methods than were used in 1977. The comparability of these various

methods is not known.

Because data are available for the entire year of 1977, they were used to

calculate annual exposure.

C. CONCENTRATIONS CLOSE TO SOURCES

To estimate concentrations of chromium close to sources of chromium(VI),

emissions were calculated and air quality modeling done for a typical large

chrome plater and for a bank of industrial cooling towers using chromate water

treatment. Both sources are located in the South Coast Air Basin and are in

populated areas.

After emissions from each source were calculated, an industrial source

complex model (ISCST) was used to calculate annual average chromium

concentrations at the points of a grid representing receptors surrounding each

source. Residential population in the surrounding area was also gridded, and

population exposure was estimated. The analysis encompassed an area 20 by 20

kilometers centered on the plating facility and an area 40 by 40 kilometer

centered on the bank of towers. Deposition was not considered in this modeling.
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The results of modeling are estimates of annual ambient concentrations

based on worst case meterology observed in the study areas. The modeled

concentrations represent maximum annual average concentrations occurring

outdoors. It is not known whether indoor concentrations are greater or less

than those outdoors.

The concentrations and population exposures calculated from emissions

from each source represent exposure above background from each source;

possible additive or cumulative exposure from multiple sources is not

addressed in this analysis.

Emissions of chromium from the chrome plating facility were calculatea by

the South Coast Air Quality Management District based on information provided

by the company (Zwaicher, 1983). Chromium emissions from this source were

estimated to be greater than 1,O00 lbs/year. There are five chrome platers in

the South Coast Air Basin which emit this or a greater amount of chromium per

year. One facility was estimated to emit over 8,000 lbs/year of chromium per

year. These figures reflect the assumption that 90 percent of chromium is

removed by control equipment. Emissions were reported as chromium; no

oxidation state was specified. Emission tests conducted by various agencies

have indicated that worst-case chromium (VI) emissions from chromium platers

comprise from 25 percent to 100 percent of total chromium emissions. (SCAQMD,

1985; Suzuki, 1984).

Results of modeling and population exposure assessment for the plating

facility are presented in Table III-12, and shown in Figures III-11 and

III-12. These numbers are estimated annual average chromium concentration

above background. Because there is no information available to assess to what

extent chromium(VI) reacts in the atmosphere after being emitted, the exposure

is reported in terms of total chromium.
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Table III-12

Increase in Population Exposure to Chromium
from a Plating Facility

Annual Average Increase
in ChromiumConcentration, Population Cumulative

...........ng/m3 . m Exposed Population

550 1,960 1,960
450 -0- 1,960
350 -0- 1,960
250 1,925 3,885
150 5,825 9,737
100 -0- 9,737
9O -0- 9,737
80 -0- 9,737
70 8,803 18,540
60 1,945 20,485
50 7,742 28,227
40 14,870 43,097
30 22,982 66,07g
20 61,829 127,908
l0 452,709 508,617

0.5 to 5.0 2,400,000 2,993,262
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FIGL_.. III-11

INCREASE IN
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FIGURE 111-12
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Relatively short distances are observed between the source and exposed

population involved in this analysis; for instance, an elementary school is

locatedwithin one kilometerof the source. Annual averageconcentrationsof

chromiumat the schoolare estimatedto fall between100 and 500 ng/m3'

Emissions from a bank of industrial cooling towers were estimated based

on recirculating water rate, average chromate treatment concentration in

industrial towers, and information on the typical fraction of tower water

emitted as drift. The annual emissions of chromium from these towers were

estimated to be about 800 pounds. Results of modeling and exposure assessment

are summarized in Table III-13 and shown in Figures III-13 and III-14. Values

are reported as chromium because insufficient information exists to quantify

the extent of reaction of emitted chromium(VI) occurring between the source

and receptors.

TABLE III-13

Increase in Population Exposure to Chromium from a
Bank of Industrial Cooling Towers

Annual Average Increasein Population Cumulative
ChromiumConcentration,ng/m3 Exposed Population

5.0 8,886 8,886
4.0 2,993 ]],879
3.0 23,942 35,82]
2.0 96,565 ]32,386
1.0 730,336 862,722

In summary,estimatesof concentrationsof chromiumclose to sourcesof

chromium(VI),and resultingpopulationexposureshave been made for two

typicalsourcesof chromium(VI)emissions. These healthconservative

estimatesindicatethat significantincreasesin populationexposureto

chromium may occur close to large sources.
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FIGURE 111-13
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FIGURE III-14

INCREASE IN

CUMULATIVE POPULATION EXPOSURE TO CHROMIUM FROM A BANK
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D. EXPOSURE BY ROUTES OTHER THAN A_lBIENTAIR

Human intake of chromium(III) occurs through consumption of chromium-

containing foods. Chromium is found as a trace element in various foods.

Data on the oxidation state of chromium in food are unavailable; only chromium

or total chromium concentrations have been reported. Because chromium(VI) is

a strong oxidizing agent, it is reasonable to expect that in the presence of

bulk organic matter and water in food, chromium(VI) would be reduced to

chromium(III). The chromium concentration in different types of foods has

been measured at between 0.02 ug/g and 0.51 ug/g (Thomas, 1974). Chromium

intake from a typical American diet of 43 percent fat was determined to be 62

+ 28 ug/day; from a typical American diet of 25 percent fat, intake of

chromium was determined to be 89 + 56 ug/day (EPA, 1984a). The DHS has found

that trivalent chromium is an essential nutrient and is necessary for

maintenance of normal glucose metabolism. Also, it is known that

chromium(III) compounds are poorly absorbed from the gastrointestinal tract of

animals, and that they are practically non-toxic when administered orally.

There is some evidence that human exposure to chromium may occur from

drinking water. Chromium has been measured at low concentrations in some

surface and groundwaters in California. Concentrations of up to 21 ppb were

found in four of 72 spring water and three of 63 well water samples taken in

the state (Silvey, 1967). In other California studies, no chromium was

detected in 65 stream and 24 seawater samples (Soukup, 1972). The average

chromium concentration in United States water supplies was determined to be

2.3 ppb (Schroder, 1962). A national mean daily intake of 17 ug/day of

chromium in drinking water has been reported, with a range of 1 to 224 ug/day

based on 2 1/d drinking water consumption (NAS, 1980). Chromium in water is
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virtually all in the chromium (III) state, although chromium (VI) has been

known to exist in natural waters with extremely low organic content. The

extent to which anthropogenic sources are responsible for the presence of

chromium detected in the hydrosphere is not known.

The extent of exposure to airborne chromium in the indoor environment,

other than in the workplace, is not known. There are no direct consumer uses

of chromium which could lead to emission of chromium compounds. Although

cigarettes are known to contain chromium, the intake of chromium from smoking

is not known.

The intake of chromium via these routes is summarized in Table III-14.

TABLE III-14

Intake of Chromium by Exposure Routes

Other Than Ambient Air

Mean Daily Intake,
ExposureRoute ChromiumOxidationState ug (range,ug)

IngestingofFood +3 62
(37-130)

Ingestionof drinking +3 17
water (1-122)

Becausechromiumintakefrom food and water is in the trivalentstate,

chromium(as chromium(VI))from ambientair representsthe exposureroute

havingthe most significantpublichealtheffect.
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APPENDIX A

INFORMATION F.EQUEST LETTER WITH
ATTACHMENTS AND RESPONSES



STATE OF CALIFO_NIA GEORGE DEUIOV_EJlAN, C,o_,ernor

AIR RESOURCES BOARD :i .'..__0'2Q STI_EET - '_ r

'RAMENITO, CA 95812 '..'

July 31, 1984

Dear Sir or Madam:

Subject: Request for Information Regarding Chromium

! am writing to request informationon the health effectscf chromium as part
of our toxic air contaminant program. This program is based on Health and
Safety Code Sections 39650, et seq. which require the ARB to identify
compounds as toxic air contaminants and once identified to develop and adop¢
control measures for such compounds. After consultation with the staff of the
Department of Health Services (DHS), we have selected chror,ium as a candidate
toxic air contaminant to be evaluated inaccordance with the provisions of
Health and Safety Code Sections 39650, et seq. During our evaluation of
chromium, we will consider available health information on all forms and
compounds of chromium. Additionally, we are soliciting information regarding
environmentaland biologicaltransformationsof chromium and its compounds.

Before the ARB can formally identify a compound as a toxic air contaminant,
several steps must be taken. First, the ARB must request the Department of
Health Services to evaluate the health effects of candidate compounds.
Second, the ARB staff must prepare a report which includes the health effects
evaluation and then submit the report to a Scientific Review Panel for its
review. The report submitted to the Panel will be made available to the
public. Information submitted in response to this request will be considered
in the ARB report to the Panel. A1though any person may also submit
information directly to the Panel for its consideration, I urge you to submit
all information at this time for our consideration in the development of the
report for the Panel. The Panel reviews the sufficiency of the information,
methods, and data used by the DHS in its evaluation. Lastly, after review by
the Scientific Review Panel, the report with the written findings of the Panel
will be considered by the Air Resources Board and will be the basis for any
regulatory action by the Board to officially identify a compound as a toxic
air contaminant.

Prior to formally requesting the DHS to prepare a health effects evaluation of
chromium,we are providing,pursuant to the provisionsof Section39660(e)of
the Health and Safety Code, an opportunity to interested parties to submit
information on the health effects of chromium which he or she believes would
be important in DHS's evaluation of chromium as a candidate toxic air
contaminant.
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In July 1984, ARB staff received a reference search on chromium health effects
using the MEDLARs _.Iand DIALOG Information Services. These information
services include material available to the public on or before December 1983.
The attached bibliography lists the references from this information search.
We are requesting pertinent information on chromium health effects, including
any material thas may not be available to the public, that is not.incluoed in
the attached bibliography.

Pursuant to the provisions of the Public Records Act (Government Code Sections
6280 et seq.), the information you provide will be a public record and suoject
to public disclosure, except for trade secrets which are not emission data or
other information which is exempt from disclosure or the disclosure of which
is prohibited by law. The information may also be released to the
Environmental Protection Agency, which protects trade secrets and confidential
information in accordance with federal law, and So other public agencies,
which are also required to protect such information.

To expedite the review process, we ask that any information which you believe
should be regarded as "trade secret" be clearly marked and separated from
other information. You may identify portions of the information you submit as
"trade secret" in accordance with Health and Safety Code Section 39660(e).
The claim of trade secrecy must be supported upon the request of the Air
Resources Board. Other information claimed to be trade secret and information

otherwise claimed to be exempt from disclosure may be identified as
confidential in accordance with Section 91011, Title l?, California
Administrative Code. Section 91011 requires that the claim of confidentialisY
be accompanied by specified supporting information.

I would appreciate receiving any relevant information you wish to submit by
August 31, 1984. Your help in expediting our review will be greatly
appreciated. Please send the information to the attention of:

William V. Loscutoff, Chief
Toxic Pollutants Branch
Re: Chromium
California Air Resources Board
P. O. Box 2815
Sacramento, CA 95812

If you have &ny further questions regarding health effects information, please
contact Mr. John Batchelder at (916) 323-1505. For any other questions,
please contact Mr. Robert Barham at (916) 322-7072.

If you are not the person to whom this request should be addressed, please
forward it to the appropriate person in your organization. Also, please let
us know whether you would like to continue to receive information inquiries



-3- July31,1984

for other candidate compounds, and if not, if there is anyone in your
organization to whom such requests should be sent.

Sincerely,

Peter D. Venturini, Chief
Stationary Source Division

cc: Alex Kelter, DHS
Lori Johnston, DFA
Wayne Morgan, President, CAPCOA
Jan Bush, Executive Secretary, CAPCOA
Davit1 Howekamp, EPA Region IX
Assemblywoman Sally Tanner
APCOs

Attachment



ClIIlOMIUl'i REFERENCES (7/31/84)

1. Abe, S. and Saiaki, M. (1982) SC[ as an index of mutag!nesii and/or carcinogenesis,

in: sister chromatid exchange. Prod Top Cytogenet. 2:461-514.

l. Adachi, S., Yoshimura, R., Miyayima, R., Kate?ama, H.. Takemoto, I. and Kawai, H.

(May 1983) [_ffects of chromium compounds on the respiratory system. 2. Oifterence
between water-soluble hexavalent and trivalent compounds]. 5angyQ igaku (JAPAN)

25 (3) :p149-54.

3. Alezander, J., Aaseth, J. and Norseth, T. (1982) Uptake of chromium by rat liver

mitochondria.. Toxicology (NETH£RLANDS) 24 (2) :p115-22

4 AnonymQUS (1?81) Ambient water quality criteria for chromium NTI$/PBdI-II7467

5 Baranowska-Dutkiewics, B. (Mar 1981) Absorption of hezivaient chromium by skin in

man.. Arch TGi(col. 47 (1):p47-50.

Bartsch H, Tomatis L and Malaveille C (1982) Qualitative and quantitative

comparisons between mutagenic and carcinogenic activities Gl chemicals. New Hori:on

Genetic Tozicology. Mutagen:35-?l.

7. Becking, G. C. (1981) Recent advances in the tozicit7 of heavy metals--an overview..

Fundam Appl Toxicol. 1(5):348-52.

_. Behari, J. n. and Tendon, S. I. (Mar 1980) Chelation in metal (naGs(cation. VIII.

Removal of chromium from organs of potassium chromate ad_inistere_ rats.. Clin

Tozicol. 16 (1) :p33-40.

9. Belman S, Casto B, Flessel CP, Lane BF, Leob L, _ossman T, Sirover MA, Va(nfo H,

Whitting R and lakour R (1981) In-vitro models and methods for bioassay and studies
of cellular mechanisms. £nvironmental Health Perspectives 40 (0):35-42.

10. Bennicellio C., Camotrano, A., Petruzzelli, S., Zanacchi, P. and De Flora, S. (Oct

1983) ii(dh sensitivity of Salmonella TAI02 in detecting hesavalent chromium

mutagenicit! and its reversal by liver and lung preparations.. Murat Res

(H£TH_BLAND$). 122 (1) :pl-5.

Il. Bernard, A. H. and Lauwerys, R. R. (Jan 1981) The effects of sodium chromate and

carbon tetrachloride on the urinary ezcretion and tissue distribution of cadmium in
cadmium-pretreated rats.. Toxicol Appl Pharmacol 57 (1) :p30-8.

12. Bianchi, V. et al (19821 Effects of hesavalent chromium on the &denylate pool oI

hamster fibroblasts. Toxicology. 25(1):19-30.

13. Bianchi, V., Celotti, L,, Lanfrancht, G., Mtjone, Pr, Mar(n, G., Monttldi, A.,

Sponza G, TaminG, G., Van(er, P., lantedeschi, I. and Levis, A. G. (1983) Genetic
effects of chromium compounds.. Murat Res. 117(3-4):279-300-

14. Bianchi, V., DaI Toso, R., Debetto, P., Levis, A. G., Lucian(, S., Maione, F. and

TaminQ, G. (1980) Mechanisms of chromium toE(city in mammalian cell cultures..

Tosicolog¥ 17 (2):p219-24.

15. Bossard, M. J. and Schuster, S. M. (Jul l0 1981) Structural preferences for the

binding of chromium nucleotides by beef heart mitochondrial ATPase.. J Biol Chert
256 (13) :p6617-2Z.



16 2rlgt, P C and van Dura, E i. r!gB3) Tozicokinetics of hezav&lent chromiu_ in
the r_t _fter tmcr_tr&che&t _dmtn:strztion of chromates of _ifferent solubilities

17 3rune, D., X;aerheSm, A., Paulsen, G. and Baltssbrekke, H. (19801 Pulmonary

_epositi:n Follouing Inhalation of Chromium-Cobalt Crinding Dust in Rate and
_istributi_n in Crier Tissues. Stand J Dent Res. 88(&):143-f11.

18 3tyson, V. G. anl Goodall, C. H. (l?B3) Differential toxicity and clearance
kineitics o! chromium(III) or (VI) in mice. Carcinogenesis. 4:1_31-1539.

1_ Castrtnova, V., _o,,,,'man, L., Miles, P. R. and meteor, M. $. (1780) Toxicity o! metal

ions to alveolar macrophages.. An J Ind Med. I(3-4):349-317.

20 Check, W. A. (Jun I1 158Z) And i! you add chromium, that's even better [news]. JAMA
(UNITED STAT!S) 147 (ll):p3041-?.

I1. Christie, N. T., _Lntoni, O. ind Costa, a. (1983) Assessment of metal inluced DNA

Damage il repair deficient CHO Cells. Fed Proc. 42(3):lbstract lPtf.

12. Conklin, P. J. et al (1913) Comparative tozicit7 of drilling mud: Role of chromium

iud petroleu_ h?irocatbons, Mat Environ Res. t0(l):lOS-ll_.

13. Costa, M. (I_$0) Metal Carcinogenesis testing: principles and in vitro methods. The
Humana Press Inc., New Jersey. :l&4pp.

14. _ullen, W. R., McBride, _.' C., Pickett, A. W. and Reglinski, J. (Feb 1_84) The wood

preservative clromzted copper arsenate is a substra_e for trlmethylarsine
biosynthesis.. A_pl Environ Microbiol (UNITED STATES) 47 (Z) :p443-4.

11. Curtis, J. L.. _i_ne, F., Harris, ¢, , Sullivan DL, , Surwit El, _iLkinson AX
Jr and C:easlan, W. T. (Oct 1781/ Radioactive chromic phosphate suspension: studies
on distribution, dose absorption, and effective therapeutic radiation _n phantoms,

dogs, and pa_ients.. _necol Oncol (UNITED STAT_S) I1 (l Pt 1):pi73-118.

2t. Debette, P., Del Toso, R., Virotto, R., Bianchi, V. and Luciini, S. (Jul Il 198l)

Effects o! potassium dichromate on ATP content of mammalian cells cultured
in vitro.. Cke_ !tel Interact (N;TM£RLAN_S) 4t (l) :911-14.

17. De Flora, _. (l?!l' Study of 10t organic and inorganic compounds in the
Sa lmonella/microso:e test.. Carcinogenesis 2 C4):p_83-_8.

18. De Flori, _ (177_1 _roblem of chromium mutigenicity,As related to carcinopenicit!

and epidemioloqical data. Murat Ass. &4:lOl.

27. De Flora, S., Co_polA, R., Canoi_ano, l., B_ttiglia, M. I. and BenniceIli, C. (l?S1)

Mutapenicitl and Tozicity of Chrom?l Chloride. 10th Annual Meeting et the European
Environmental Mutagen Society, Athens, _reece, Sept. 14-19, l?_O. Mutat Res
S5(4):24:-_43.

30. De £1ort B, Cop;_la R, Camoirano A, Battaglii MA and Bennicell! C ct?e0)
_uta_enicity and toxicit? of chrom?l chloride and its vapors. Carcinogenesis
(London). I ¢?):_13-f88.

31. Doll E, ?ishbein L. Infants P, Lindriqan P, Lloyd ,IV, Mason TJ, Mastromatteo £,

Horseth T, PeEshLqen _ and et ti. (l?Sl) Problems of epidemiological evidence.
Environ:entel HeLl_h Perspectives. 40 (el:ti-lO.



32 Douglas, C. R., _eI:, R. D., Crtnt, C. £., Vytsma, J. M. and Dora, K. C. (Feb 1980)

Effect of lead chromate on chromosome aberration, sister-chro:atid exchange

and DNA damage in mac_alian cells in vitro.. Murat Res 77 (Z):p157-63.

33 Eastin, W. C. J., Haseltine, S. D. and Hurray, H. C. (Aug 1980) Intestinal
absorption of 5 chromium compounds in young black ducks (Anus rubripes).. Toxicol
Lett 6 (3):p193-7.

24. Ellis, E. N., , Brouhard DH, , Lynch RE, , Dawson ED, , Tisdell R, , Nichols

MM and Ramirec, F. (May i781) Effects of hemodialysis and dimercapro[ in acute

dichromate poisoning.. J Toaiocl ClAn Tozicol (UNITED STATES) 17 (3) :p249-
58.

35. Ernst, P. and Theriault, G. (Apr I 17841 Known occupational carcinogens and their
significance . Can Mod lssoc J (CANADA) 130 (?):p863-7.

3t. rarkas, J. (Mar 1782l Chronic shoe dermatitis from chromium tanned leather Contact

Dermatitis (DENMARK) 8 (2) :p140.

37. Floe, R., Riva, M. C. and Ealasch, J. (Mar I783) Chromium and potassium accumulation

influenced by body weight in goldfi;h (Carassius auratus).. Bull Environ Contam
Tozicol (UNITED STATES) 30 (3l:p331-6.

38 Fornace, I. J.Jr. and Harris, C. C. (1981) DNA Protein cross linking by chromium
salts. J Supramol $truct Cell Diochem. 0(suppl.5):l?4.

39 Fornace, A. J. Jr (1_81) Detection of DNA single-strand breaks produced during

the repair of damage by DNA-protein cross-linking agents.. Cancer Res (UNITED
STATES) 42 (l):pl4$-?.

l0 Fornace, I. J. Jr, Seres, D. S., Lochner, J. r. and Harris, C. C. (1781) DNA-protein

cross-linking by chromium salts., them Biol Interact (NETHERLANDS) 36 (3)

:p343-$4.

41. Franchini, I., Magnani, F. and MuttS, A. (Jun 1783) Mortality experience among

chr_meplating workers. Initial findings.. Sound J Work Environ Health (FINLAND) ?
(3):p217-_1.

4l. Gabridge, M. G., Dougherty, E. P., Oladd, M. F. and Meccoli, R. A. (Dec 1782)

Effects of heavy met&Is on structure, function, and metabolism of ciliated
respiratory epithelium in vitro.. In Vitro (UNITED STATES) 18 (I_):pI023-32.

43. Carrie, J. D. and Jennette, K. W. (1981) Electron-Transport Cytochrome P-430 System
is Involved in the Mictosonal Metabolism of the Carcinogen, Chromate. J INORG
EIOCH_M. 14(4):Z81-291.

44. Gentile, J. H., Hyde, K. and Schubert, J. (1981) Chromium genotosicity as influenced
by conplezation and rate effects.. Toxicol Lett ? (ti :p439-48.

4S GAlenA, S. H. and Marano, M. (I???) Chromium poisoning and chick embryogenesis..

Environ Res. 19 121 :p427-31.

ii Goodgame, D. M. L., Haym&n, F. D. and Hathway, D. E. (1782) Carcinogenic chromium VI
form; chromium V with ribo nucleotides but not with deozy ribo nucleotldes.
Pollhedron. 1(5):4_7-_00.

47 Hatherill, J. R. (1981) A review of the mutagenicit¥ of chromium.. Drug them Tosicol

(UNITED STATES). 4(3) :p185-95.



48 Hayes, R. ]. (i9_2) Ca:cinoQen_c effects of chromium. Top Environ Health. $:22L-Z47.

69 Menderson, R. F. , Rebar, A H., Pickre[l, J. A. and Newton, C. J. (Aug 1979) Earl)

damage indzcatorf in the lung. III Biochemical and c?tological response of the

lung to inhaled metals salts.. Toxicol Appl Pharmacol 50 (1) :p123-36.

50 Hernberg, S. et al (1983) Nasal cancer and occupational esposutes. Fteliminaty

report of a joint Nordic case-referent stud?. Scand J Uotk Environ Health. 9(Z):Z08-
213.

_l Hetnbmcg, S., Vestetholm, _., Schultz-Larsen, K., Degerth, R., Kuosma, £., £nglund,

A., Engzali, U., Hanson, H. S. and Mutanen, P. (1983) Nasal and Sinonasal Cancer.
Connection with Occupational Exposures in Denmetk, Finland and Sweden Scand J Uork
Environ Health. 9(4):315-32&.

52 Hill VJ and rerguson US (1979) Statistical anal?sis of epidemiological data from a
chromium chemical manufacturing plant. J Occup Mad 21 (2):103-106

53 Hublet, V. R. J. and Hubler, U. R. 5. (Sop 1983) Dermatitis from a chromium dental

plate.. Contact Dermatitis (D£NMAR£) ? (5) :p377.-83.

54 IARC {_950) Chromium and chromium compounds.. IARC Monogt Ertl Carcinog Risk (hem

Hum 23:p205-323.

55 Iiiima, 9., Matsumoto, N. and au, C. C. (i983) Transtet ot chromic chloride to

embryonic mice and changes in the embryonic mouse neuroepithelium.. Toxicology.
2&(3-4):257-265.

56. Iijima, 9., Spindle, A. and redersen, R. A. (Feb 1983) Developmental and
cTtogenetic eflects of potassium dichromate on mouse embt?os in vitro.. Teratolo9';
(UNIT:D STAT:S) 27 (1):p109-15.

57. Imteh, S. and Ridulescu, O. (1982) (?to genetic effects o[ chromium ln-vivo and in-
vitro. Motet Res. 97(3):192-193.

$8. Jennette, K. V. (1982) Microsomal reduction of the carcinogen chromate produces
chromium V. J Am (hem Soc. 104(3):874-97_.

$9. Jennette, K. V. (Aug 1981) The tole of metals in carcinogenesis: biochemistry and
metabolism.. £nvir, n Health Perspect 40:p233-_2.

&0 Kada, T., Hi:ama, K. and 9hirasu, Y. (1980) Screening on Environmental Chemical

Mutagens by the Eec-AsseT System with Bacillus $ubtilis. (hem Mutagens:Ptin Methods
Their Detection. &:149-173.

al. Kanematsu, N., Ha:a, M. and K&da, T. (Feb 19_0) Rec assay and mutagenicit? studies

on metal compounds.. Hut&t Res 77 (2):pl09-16.

&2. Kaths, O. S. Cl?ei) In Vivo Cytogenetic £ffect of .Some Salts of the Hear 7 Metals

Cadmium, Chromium, Hetcury, and Platinum in Assays cf Nicronuclei and Sister
Chromatid :xchange. Report lss Np-3770037; Order No. D£83770037:80.

63. Kasantzis C and Lilly LJ (1979) Nutagenic and carcinogenic effects of metals. Handb
Toxicol Met. 237-272.

44. Kelly, U. F., Ack:ill, P., Da?, J. r., O'Hara M, T?e, C. T., Burton, l., Orton, C
and , Hat:is M (Nov 1982) Cutaneous absorption of trivalent chromium: tissue
levels and treatment _y exchange transfusion.. Bt J Ind Mod (ENGLAND) 39 (4)
:p397-400.



65 Xiilunen H, Kivisto HAla-Lauril_ P, Tossaviine_ A, Aitio A (1983) Exceptional
ph&rmacokinetics of trivalent chromium during occupational exposure to chromium
lignosulfonite dust. Scind J Work Environ Health. 9, IS5 3:265-271

66. Kirschbaum, B. B., Sprinkel, F. H. and Oken, D. E. (Hit 30 1981) Proximal tubule

brush border alterations during the course of chromite nephropath_.. Tozicol Appl
Pharmacol 58 (1) :p19-30.

67. Kitagiwa, S., Seki, H., lametani, r. and Sakurai, H. (Jul I 1982) Uptake of

hex&relent chromium by bovine etythrocytes and its interiction with cytoplasmic

components; the role of glutathione.. Chon Biol Interact (NETHERLANDS) 40 (3)
:pZ65-74.

i8 lundeen, I. (I780) Effects of Velding Fume Particles Hezavllent Chromium and Cyclo

Phosphamide in the Mammalian Spot Test. Hutat Res., 74(3):211.

69 lnudsen, I. (1980) The mammalian spot test and its use for the testing of

potential circinogenicity of welding fume particles &nd hexavalent chromium.. Acta
Pharmacol Toxicol (Copenh) 47 (1):p66-70.

70 Knudsen I and Stern RH (1981) Assaying potential carcinogenicity of welding fume and

hexavalent chromium with the mammalian spot test. NTI$/PBSI-152597.

71. Kohn, K. V. (1983) The significance of DNA-damage as'says'in toxicity and
carcinogenicity assessment.. Ann NY Acid Sci (UNITED STAT:S) 407:p104-18.

72. Koppel, V. B. and Hathaway, J. I. (I781) The Acute Chemical Effect of Chromium

Compounds in Man. Proc. - Chromate Symp.. 2nd:14-31.

73. Korzeniewski, C. and Callewaert, D. H. (Nov 25 1983) An enzyme-release assly for

natural cytotozicity.. J Immunol Hethods (NETHERLANDS) 64 (3) :p313-20.

74. Krishnaja, A. P. and Rede, H. S. (1982) Induction of chromosomal aberrations in

fish Soleophthalmus dissumieri after exposure in vivo to mitomycin C and heavy

metals mercury, selenium and chromium.. Murat Res. 102(1):71-82.

7_. Kubinski, H., Gutske, G. E. and Eubinski, Z. O. (1981) DNA-Cell-Binding {DEB) Assay

/or Suspected Carcinogens and Hutagens. Murat Res. 89:95-134.

?&. Eubinski, H. and Kubinski, I. 0. (1782) Further studies on the CO Transformation of

distant markers following the exposure of DNA to carcinogens including carcinogenic
metals. Fed Proc. 41(3):Abstract 2430.

77. Kvmar, I. and Rani, S. V. (1782) Lipid accumulation in chromium poisoned rats.. Ina

J Tissue React (SVITZERLAND) 4 (4):p271-5.

78. Laerum, £. (Jun 1983) Acute damage to human endothelial cells by brief exposure
to contrast media in vitro.. Radiology (UNITED STATES) 147 (3):p681-4.

7?. Langard, S. (19e3) The carcinogenicity of chromium compounds in mtn and animals.
In:Chromium: Hetabolism and Toxicity edited by O. Burrows. P.13-30.

80. Langard, 3. and Vigander, T. (1983) Occurrence of lung cancer in workers producing
chromium pigments. Br J Ind Hsd. 40(1):71-74.

81. Langard, S.(ed.) (1982) Biological and environ:entel aspects of chromium Elsevier
Biomedical Frees, New York.



8Z Langard 5 and Norseth T (:97?) Chromium. Handb Tozzco! Met 383-397.

89 Leichner, ?. K., Rosenshein, N. B., Leibel, $. A. and Order, S. E. (Mar 1980)

Distribution and tissue dose oi intra_eritoneally administered

r_dioactive chromic phosphate (32P) in New Zealand white rabbits.. Radiology 134
(3):p727-84.

84 Leonard, A. and Deknudt, G. (1{81) Muta0enicity Tests with Chromium 9altss in Mouse.
10th Annual Meeting of the European Environmental Mutaoen Society, Athens, _resce.
Muter Res 85(4):Z87.

85 Leonard, A. and Lauwerys, R. R. (Nov 1980) Carcinoqenicity and mutaqenicity of
chromium.. Hutat Res 7t (3):pSi?-3?.

84 Leonard A (19771 Carcinoqenic and mutapenic effects of metals Arsenic, Cadmium,

Chromium, Rercur_, Nickel present state of knowled0e and needs for further studies.
Di Ferrante, E, (Ed.).Trace Metals: Exposure and Helath Effects. ISBN 0-08-022446-
&:199-Z16.

87 Ltvis, A. G. and _iinchi, V. (1982) Mutaqenic and c_togenetic eftects of chromium
compounds. Top Environ Health. 5:171-208.

88 Levis, A. G. and MaSons, F. (Aug 1981) C¥totozic and clasto_entc effects el
soluble and insoluble compounds containinq hezavalent and trivalent chromium.. Sc J

Cancer 44 (2) :pZl?-35.

87. _indberg, E. and Vesterberg, O. (Dec 1983) Urtnar? excretion of proteins in
chromeplaters, eschromeplaters and referents.. Stand J Vork Environ Health

(FINLAND) ? (4):p_On-10.

90. Lyall, V., _ahmood, A. and Nath, R. (Apr 1979) Zinc uptake by rat intestine in
vitro & its interactions with cadmium & chromium.. Indian J Biochem giophys l&

(2) :p80-3.

91. MaSons, £. et al (1983) Sister chromatid ezchan_es induced, in vive and in vitro bT
chemical carcinogens in mouse lymphocytes carrTin9 endopenized Molonsy leukemi_
,ires. Carcinogenesis. 4(I):33-38.

92. Majone £ and Levis AG (1979) Chromosomal aberrations and sister-chromatid exchanges
in Chinese hamster cells treated in vitro with hesavalent chromium compounds.
Mutation Research. 67 (3):231-138.

93. Milner, J. A., Lefaivre, M. H. and _runau, J. A. (1_83) The Effect of Various

Minerals on the Metabolism of ? 12 DI Methy Bens A Anthracene. 6?th Heeting of the
Federation el American 5ocisties for Experimental Biology, Chicago, II1., USA, April
10-II, 1_83, Fed Proc. 4lii):lbstract $910.

94. Hontagna M, Soldo ? and Nlchitti G (Chromium and its carcinoglntcit 7. A review.
Inquinamento. 24, Issue 3:&7-?i.

?_. Hutti A, Ca,afore A, Cost A, Lucertini S, Olivetti G and Franchini I (1980) R_nal

tubular inset! after experimental intozication bl chromium. Proc. Int. Co ngr. Occup.
Health, l?th. 1, I$S Chem. Halards:2$6-l?9.

76. Newbold R£, Amos J and Connell JR (197?) C?totoxic, mutagenic _nd clastogenic
eftects of chromium-containing compounds on mammalian cells in culture. Mutation
Research. i? (11:_5-{4.



97. Nordberg, G. Y. and Andersen, O. (Aug 1_83) Hetal interectlons in carcinogenesis:

enhancement, inhibition.. Environ Health Perspect 40 :p65-81.

98. Norseth, T. (1980) Asbestos lnd metals as carcinogens.. J Tog:col Environ He41th.
6(5-6):I021-8.

99. Norseth, T. (Aug 1781) The carcinooenicit) of chromium.. Environ Health Perspect
40:p121-30.

100. Norseth, T., Alezander, J., Aaseth, J. and Langard, S. (Nov 1982) Biliary excretion

of chromium in the rat: a role of glutathione.. Acta Pharmacol Toxicol (Copenh)
(DEi_ARK) 51 (5) :p450-5.

101. Norseth T (1977) Health effects of nickel and chromium. Di Ferrante, E. (£d.).Trace

Hetals:Ezposure and Health Effects; Proceedings of the research seminar, Cuildford,
England, July 10-13, 1778. ISBN 0-08-022446-6:I35-146.

IQ2. Novey, H. S., Habib, H. and Veils, I. D. (1983) Asthma and i:muncglobulin E

antibodies induced by chromium and nickel salts. J Allergy Clan Immunol. 72(4):407-
412.

103. Ohno, H., Hanaoka, r. and Yamada, H. (1982) Inducibility of sister-chromatid
exchanges by heavy-metal ions.. Hutat Res. 104(1-3):141-145.

104. Okada, S., Ohba, H. and Taniyama, M. (Nov l?Sl) Alterations in ribonucleic acid

synthesis by chromium (III).. J Inorg Bio(hem (UNITED STATES) I5 (3) :p223-
31.

105. Okada, S., Suzuki, H. and Ohba, H. (Oct 1983) Enhancement of ribonucleic &cid

synthesis by chromium(III) in mouse liver.. J Inorg Eiochem (UNITED STATES)
19 (2) :p75-103.

106. Okada, S., Suzuki, H., Tsukada, H. and Ohba, H. (Sep 1782) Alterations in the

syntheses of RNA and DNA by chromium (III) in regenerating rat liver.. Cheu
Pharm _ull (Tokyo) (JAPAN) _ 30 (9) :p3437-41.

10?. Okada, S., Taniyama, H. and Ohbt, H. (Aug 1982) Hode of enhancement in
ribonucleic acid synthesis directed by chromium (III)-bound deoxyribonucleic acid

d Inorg Bio(hem (UHITED STATES) 17 (1) :p41-?.

108. Omo H, Wade 0 and Ono T (1981) Distribution of trace metals in nuclei and nucleol

of normal and reoenerating rat liver with special reference to the different
behavior of nickel and chromium. J Toxicol Environ Health. 8, Issue 5-6:947-957.

109. Osida, P. S. and Word, L. S. (1982) Bioaccumulations of chromium and its effects on

reproduction in Neanthes arenaceodentata (PolTchaeta). Her Environ Res. ?(3):167-
174.

110. _agano, O., Esposito, A., Bore, r., De Angelts, H.; Rota, A. and Giordano, C. O.

(Apr 1983) The effects of hexavalent and trivalent chromium on fertilization
and development in sea urchins.. Environ Res (UNITED STATES) 30 (2) :p442-
52.

111. Pas(bin, Y. V. and £ozachenko, V. I. (1782) The modifying effect o! hegavalent
chromate on the mutagenic activity of thio-TEPA.. Hutat Res. i03(3-6):3S?-370.

112. Pas(bin, Y. V., Kozachenko, V. I. and Sal'nikova, L. £. (17t3) Differential

mutaqenic response at the HGPRT locus in VT? and (HO Chinese hamster cells Liter
treatment with chromate.. Hutat Res. 122(3-4);361-365.



113. ?aschin, Y V,, Z_cepl[ova, T. A ant Ko:ichenko, V, I. (1_82) Induction of
dominant lethal autations in ai!e :i.ce b7 potassium dichromate.. Mutat Re,

t0_(3-4):34S-347.

114. Yastorino, U., Berrino, F., Gervasio, l., Fesenti, V., Riboli, £. and Crosignani,
P. (_eb 15 1984) Proportion o! lunq cancers due to occupational exposure., Iht J
Cancer (DEN'HARK) 33 (Z) :p131-7.

ill. Pedersen, P., Thomsen, E. and Stern, R. H. (Sep 1983) Detection b_ replicL

plating of false revettant colonies induced in the Silmonell&-min, malian microsome
ass&? bT hezavalent chromium.. Environ Health Petspect (UNITED STATES) ll:pllT-
30.

lli. Pstrtlli, _. L. and De Flora, S. (1_81) Interpretations on chromium muta_enicit¥

and carcinogenicit?.. Prog (lin Biol Res (UNITED STATES) 109:p413-i4.

119. Petrilli, F. L. and DeFlora, 5. (1981) Hutagenicit! of Chromium Compounds. Proc

Chromates STmp 2nd:T&-9?.

_18. Poln_ssek, C. r. (1951) Stable Chromium V Free Radical Species Formed b! the

£nzymatic Reduction of Chromate. &lth Annual Meeting of the Federation of Aaericin
Societies tot £xperiaental BiologT, Atlanta, GA., USA, April ti-IT, t_51. Fed Proc.
40 (3 Part 1):715.

ll_. Post IlA _nd Campbell PC C1980) Le_d chromate pigaents-A literature survey on
environmental lnd toxic effects. NTISIP_80-1&0&&&.

II0. Ridding S_ and rurst A (l_aO) I review of metals and carcinogenicity. Holecular
Basis of Environmental Toziclt¥; Bhitn&gar0 R. S. (Ed). Symposium at the l?4th

national meeting of the American Chemical Society;ISBN O-l_O-iQ3O&-4:3f?-372.

121. Rlin&Idi, G., Colella, C. H., Pi:as, I. and Hatiani, T. (Oct 1951) Thioguanine

resistance, ou_b&in resist&ncc and sister chtomatid ezchanges in V??/AP4 Chinese
hamster ceils treated with potassium dichromate.. Chem Hiol Interact (NETHERLANDS)

42 il) :p45-_1.

121. Riva, N. :., £1os, R., Crespi, H. and l&lasch, J. (1981) Lethal potassium
dichromate and whitening (al&nkophor) exposure of gold fish (Carassi_s &uterus);
chromium levels in gills.. Comp Biochem Physiol CCI &SC (2) :p161-_.

t13. Rived_l, E. &nd Stnneto T. (Jul 18511 HetLl salts is pro_otets of in vitro

morphological transformation of hamster embrTo cells initiated by ben_o(a)pyrene..
Cincec Res 41 (7):p2950-3.

124. Rossaan, T. G. (Aug 1911) Effect of metals on mutagenests and ONA repair.. Environ

Health Perspect 40:p18_-_$.

ll_. Rossm&n, T. G., Helena, H. &nd Heist, L. V. (19841 The genetic toxicology of

_ttal compounds; I. Induction et l&_bd_ ptoph_ge in E cola 9Pls(lambda)..
Environ _utagen (UNITED STATES) & (1):p5_-69.

II&. Rossner, P., _encko, V. and Sram, R. J. (1981) Combined Action of Chromium and
Nickel on House and Hanste£ Fibroblast Cell Lines J. Hyg., 'Epidemlol., Hicrobiol.o
I_unol.. 2I(3):252-258.

117. Roush, G. C. (1_79) EpidemiologI of cancer of the nose and patanasal
sinuses: current concepts.. _ead Reck Sur_. lit)ti-ti



128. Saner, G. (1980) Current Topics in Nutrition and Disease_ V:I :I-Chro=;:n in
Nutrition and Diseases. Alan R. Liss Inc., New York.

129 Sargent, T. d. and Stauffer, N. (1977) Vhole-bod¥ count:nd c_ retention of 6?Cu,
3aP and 51Cr in _n.. Ina J Nucl Mod Biol 6 (1) :pl?-Zl.

130. $&rto, F. et al (l?SZ) Increased incidence of chro=oso=il aberrations and sister

chromatid ezchanges in workers exposed to chromic acid in elJc:r_plLtinq factories.
Carcinogenesis. 3(_):1011-1016.

131. Sarto, F., Levis, A. and Pinion, C. (1980 (Recd. I781)) el&sro:chic Activity of
Hezavalent and Trivalent Chroniun in Cultured Husan Ly_phocytes. Car?ologia.
33(Z):237-250.

132. Sayato, Y., Naka_uro, K., Matsui, 5. and Ando, M. (Jan 198G) Met_bolic f_te of
chromiun conpo_nds. I. Co=par&tire behavior of chromium in rat a_=iniste:ed with

NaZ_lCr04 and 51CrCl3.. J Ph&rmacobiodyn 3 (1):p17-23.

133. Sirover, M. A. (19811 Effects of Metals in Vitro Hioassays. Environ He_Ith

Perspectives. 40:121-130 (Ref. 821.

134. Sjogren, R. (Sap 1780) A retrospective cohort study of nortali_¥ anong stainless
steel welders.. 5cand O Vork Environ Health 6 (3) :pI77-200.

135. Stacey, N. H., Vong, K. L. and Kl&assen, C. D. (i783) Protective effects of

chronium on the toxicity of cadnium in vivo.. Toxicology. 28(1-Z1:147-I_3.

lit. Steele, N. C. _nd Rosebrough, R. V. (Nar 1981) Effect of trivalent chro_iun on

hepatic lipogenesis by the turkey poult.. Poult Sci (UNITED STATES) i0 (3):pi17-
21.

137. Stella, M., Monttldi, A., Rossi, R., Rossi, C. and Levis, A. G. (Apr 198l)

Cltstogenic effects of chroniun on hu_n Iynphocytes in vitro and in vivo..

_utat Res (NETHERLANDS) 101 ii) :plSl-&4.

138. Ste_n, R. H. (1783) Assessment of _isk of lung cancer for weldtrs., l_ch Environ
Health. 38(3):148-1[I.

137 Stern, I. H. (I783) In vitro assessnent of equivalence of occupational health
risk:welders. Environ Health Perspect. 51:217-122.

140 Stern, R. N. (Oct 1781) Process-dependent risk of delayed health effects for

welders.. Environ Health Perspect (UNITED STATES) 41:p255-_3.

141 Stern, K. M., Pigott, _. H. and Abrihin, J. L. (Feb 1983) Fibrogenic potential of

welding fuses.. J Appl Toxicol (UNITED STATES) 3 (1) :p18-30.

142 Stern R_ (1982) I chenical, physical, and biological Issay of welding fuse. Part

II: Inplic_tions of positive nut&genic tests. HTIS/PB82-1_I_I.

143 Stern RH, Thonsen E, Anderson H, Kiel P and Larsen H (198_) Origin of nutaqenicity

of welding fv_es in 5. Typhinuriun. Journal of Applied Toxicology. 1:111-138.

144 Stoss F, Bisu D, Blackburn K, Harris _ and Neal N (1983) Hetlth Assessment Docunent
for Chro_iu_ (Review Draft NTISIPB83-25120I.

14_ Sullivan, D. C., Harris, C C., Curate, 3. L., Vilkinson, R. _. and ¢_eisa_n, _ T.

(Feb 1783) Observ&tion_ on the trier&peritoneal distribution of chro:ic

phosphate (32P) suspension fo_ intraperitoneal therapy.. R_iclc_y (UNITED 5TAT£$}
146 (2):p_37-41.



146 Sonde:ran, F. _ J. (1984) Recent advances in _etaI carcinogenesis. Ann Clin La
Sci. 14(Z)'93-122.

147 Sunderman FW (1982) Electromotive interactions of =cOals in asbestos

carcinogenicity. NTIS/PB82-152943.

148 TaminG, O., Peretta, L. and Levis, A. G. (Hey 178t) Effects o[ the trivalent and
hexavalent chromium on the physicochenicAl properties of mammalian ceil nucleic
acids and synthetic polynucleotides.. Chon _ioI InterAct (NETHERLANDS) 37 (3)

:p309-19.

149 Tewiik, H. H., G:uber, H., Tewfik, F. X. and Lifshitz, S. G. (Oct 1979)

Intrtperitoneal distribution of 32P-chromic phosphate suspension in the dog.. Ina
J Radiat 0noel Biol Phys 5 (10) :p1907-13.

II0 Tlndall, K. R. And Hsie, A. W. (1980) Mutagenic and Cyto Toxic Er/eats o[
Hezavalent and Trivalent Chromium in the CHO/HYPO XANTHINE GUANIN£ ?HOSPH0 RIBO_YL
TRANS/£RAS£ SYST£K. Environ Nut. l(1):193-194.

151 Tkeshelashvili, L. K., Shearmin, C. W., Zakour, R. A., Koplitz, R. M. and Loeb, L.

A. t1980) Effects o_ Arsenic, Selenium, and Chromium on the Fidelit? of DNA
Synthesis. Cancer Yes. 40(7):24_5-2460.

151. Tsapakos, M. d., Hampton, T. H. and Jennette, £. v. (Apr 2_ 1981) The carcinogen
chromate induces DNA cross-links in rat liver and kidney.. J Riel Chem !_i
(8):p3&13-i.

153. Tsipakos, M. J., Hampton, T. H., Sinclair, P. R., Sinclair, J. ¥., dement, W. J.

and , _etterhahn KE (1983) The carcinogen chromate CAUSES DNA damaqe and
inhibits drug-mediated induction of porphyrin accumulation and glucuronidation i_.
chick embryo hepatocytes.. CArcinogenesis (UNITED STATES) 4 (t):pPlP-&/.

154. Tsapakos, M. J., Hampton, T. H. and Wetterhihn, K. E. (Dec 1983) Chromium(VI)-

induced DNA lesions and chromium distribution in rat kidne?, liver, and lung..
Cancer Res (UNITED STATES) 43 (12 Pt 1) :p_&62-7.

I$$. Tsapakos, M. J. and Wetterhahn, X. E. (Sep 1 1983) The interaction of chromium with
nucleic acids.. Che_ Biol Interact (NETHERLANDS) 4& (2) :p2t_-77,

15/. Tee, W. W. and FUnd, W. P. (1981) Hutagenicity of metallic cations.. Tozicol LetO.
8(4-5):1_-200.

157. Tsuneta, Y., 0hstki, Y., Ki_ura, l., Mikami, H., Abe, S. and Murao, N. (1910)

Chromium Content of Lungs oi Chromate Workers with Lung Cancer. Thorax. 35(4):294-
197.

158. Umeda, M. and Nishinura, M. (Jul I779) Inducibility of chromosomal aberrations

by metal compounds in cultured mammalian cells.. -Mutat Res &? (3) :?lEI-9.

157. Uasda M and Nishimura M (1979) Inducibility of chromosomal aberrations by uetaI
compounds in cultured mam._alian cells. Mutation Research. Icl&4.

i&O. VaLnLG, H. and Sorsa, M. {Aug 19al) Chromosome aberrations and their relevance to
metal carcinogenesis.. Environ Health ?erspect 40:pI73-80.

l&l. Veien, N. X., Hattel, T., Justesen, O. and Norholm, A. (Sep 1983) Oral challenge
- with metal salts. (II). Various types of eczema.. Contact Dermatitis (D_N/'IARK)

f (5) :p40?-10.



162 Veien, H. K., Hattel, T., Justesen, O. and Norholm, A. (1983) Oral Challenge with

Metal Salts. (1I). Various Types of Eczema.. Contact Dermatitis. 9(5):407-410.

163 Venezia, C. and Karol, M. H. (Mar 1984) Comparison of cobalt and chromium binding

to blood elements.. Toxicology (NETHERLANDS) 30 (Z) :p125-33.

164 Venie:, ?., Hontaldi, A., Majone, F., Bianchi, V. and Levis, A. G. (1982)

C_tctoxic, mutagenic and clastogenic effects of industrial chromium

compounds** Carcinogenesis (UNITED STATES) 3 (11):p1331-8.

165 Venugopal, B. and Luckey, T. D. (1998) Metal toxicit! in mammals, Vol. 2-Chemical
toxicity of metals and metalloids. Plenum Press, New York & London.

166 Wada, o. et al (1983) Purification and chromium-excretory function of Iow-molecular-
weight, chromium-binding substances from dog liver. Environ Res. 32(1):228-239.

167 Wida, 0., Hanabe, S., Yamaguchi, N., Ishikawa, S. and Y&naqisawa, H. (1983) Low-
molecular-weight, chromium-binding substance in rat lungs and its possible role
in chromium movement.. Ind Health (JAPAN) 21 (I) :p35-41.

168 Wallach, S. and Verch, R. L. (1983) Radiochromium conservation and distribution in

diuretic states.. O Am Cell Nutr (UNITED STATES) 2 (2):p163-72.

169 Warren, G., Schultz, P., Bancroft, D., Bennett, K., Abbott, E. H. and Rogers, S.

(Oct 1981) Hutagenicity of a series of hexacoordinate chromiun (III) compounds..
Mu(at Res (NETHERLANDS) 90 (2) :plll-8.

190 Warren, G. R., Refer, S. d. and Tindrll, K. A. (1982) Chromium(III) mutagentcit! in

R£CA-straJn of £scherichia colt. Environ Mutagenesis. 4:383.

l?l Warren G, Schultz P, Bancroft D, Bennett K, Abbot EH and Rogers 5 (1981)

Hutagenicity of a series of hexacootdinate chromiu_ (Ill) co_peunds. Mutation
Research. 90, Issue 2:111-118.

172 White, L. R., Hunt, J., Richards, R. J. and Eik-Nes, K. B. (1982) Biochemical

studies of r&L lung following exposure to potassium dichromate or chromium-
rich welding fume particles.. Toxicol Lett. I1(1-2):157-163.

173 White, L. R., Jakob_en, K. and Elk-Nee, K. B. (1981) Response of a human tumout
cell line to chronic potassium dichromste exposure.. Toxicology (NETHERLANDS)

22 (3) :p211-8.

174 White, L. R., M&rthinsen, A. B., Jakobsen, K. and £ik-Nes, K. B. (Sep 1983)

Response of bovine alveolar macrophages in vitro to welding fume
particles.. Environ Health Perspect (UNITED STATES) 51:p211-5.

175 Whiting, R. F., Stich, H. £. and Koropatnick, D. J. (Aug 1979) DNA damage _nd DNA
repair in cultured human cells exposed to chromate.. (hem Biol Interact 2_
(3) :p2_7-80.

176 Yamagucht, S., Sano, K. and Shtno{o, N. (1983) On the biological half-time of
hexavalent chromium in rats.. Ind Health (JAPAN) 21 (1) :p25-34.

177. Yon&ha, M., Ohbayashi, Y., Note, N., Itoh, E. and Uchiyama, M. (Mat 1980) Effects
of trtvaient and hexavalent chromium on lipid po:oxidation in rat liver

m_crosomes.. (hem Pharm Bull (Tokyo) 28 (3) :p893-9.

178. Zakour, R. A. and Clickman, B. W. (Mar 1984) HetaI-tnduced mutagenesis in the lacI

gene of Escherichia coll.. Hutat Res (NETHERLANDS) 126 (I) :p9-18.



I_9 Cober A (I979) On the p_obleme of evaluzt_nq bronchial ¢accinoma _ter ezpos_:, to

chromium compounds Int Arch Occup Environ Health 43 (2)'107-12C.



DOUGLAS Alt;CRAFT CO/Tr_PA_'Y

3855 Lakewood Boulevardlong Beach,California9084B
TWX: 9103416842
Telex: 674357

August 13, 1984
C1-711-WB-84-177

William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
P.O. Box 2815
Sacramento, CA 95812

Suoject: Request for Information Regarding Chromium

Dear Mr. Loscutoff:

Douglas Aircraft Company, a division of the McDonnell Douglas Corporation,
acknowledges receipt of the subject reeuest.

Concerning information on the health effects of chromium as a candidate toxic
air contaminant, Douglas Aircraft Company can be of no help.

Although Douglas Aircraft uses chromic acid in anodizing operations, the only
physical fallout that Douglas experiences is the discharge of gaseous compo-
nents expressed as hydrocarbons, particulate matter, sulfur dioxide and nitro-
gen dioxide. The discharge of these compounds arise from the painting, de-
greasing, abrasive blasting, oven use, and other manufacturing operations in
which the Douglas Aircraft Company is involved.

Verytrulyyours,

W. Barnack, Jr. //
..,,.,.........._.. _.v,,_.v, _.,,_,necr

P1ant Engi neeri ng

CONCURRENCE:

G. M. French

Manager - Plant Engineering
Design & Facilities Acquisition

WB/scc



IT CORPORATION

August 14, 1984

Mr. William V. Loscutoff, Chlef
Toxic Pollutants Branch
California Air Resources Board
P. O. Box 2815
Sacramento, CA 95812

Dear Bill:

CHROMIUM

A quick review of your bibllography on chromium
indicates a couple of things:

a. The data bases you are searching may not include
books and monographs. Two examples are:

Paul B. Hammond and Robert P. Bellles "Metals" -

Chapter 17 In "Casarett and Doull's Toxicology: The Science
of Poisons" 2nd Edition. MacMillan Publishing Co. (New
York) 1980. Pages 409-467.

Marshall Slttlg "Toxlc Metals" Chapter on Chromium,
pages 97-131. Noyes Data Corporation (Park Rrdge, N.J.)
1976.

b. The data bases and/or search strategy are not picking
up papers that dlscuss substances such as Cr In connection
with another, perhaps broader topic. As you know, these are
people who assert that a threshold for carclnogenesls must
exist for metals, partlcularly trace metals that are found In
all humans In measureable concentrations. Without prejudging
that issue, It seems Important that your bibliography at
least Include such papers from the literature. Two Important
examples that deal with Cr are:

CorDor_e Or, ce
ITCorporatzon · 23456Hawthorne Boulevard ·Stmte 220. Torrance Ccll/orr:a 90505 · 21337&9953



Wi IIlam V. Loscutoff IT CORPORATION
August 14, 1984
Page 2

George Claus and Karen Bolander "Environmental
Carcinogenesis: The Threshold Principle: A Law of Nature",
in "Pollution and Water Resources" (G. J. Halajl-Kun, Editor)
Pergamon Press (New York) 1982. Pages 153-182.

Thomas H. Jukes "Chasing a Receding Zero: Impact of the
Zero Threshold Concept on Actions of Regulatory Offlclals".
J. Amer. Coll. Toxlcoi. 2 (3): 147-160, (1983).

Another paper on this subject, although not explicitly
discussing Cr, rs:

R. Koch "A Threshold Concept of Environmental
Pollutants" Chemosphere. 12(1): 17-21 (1983).

I hope these references are helpful. Please continue to
send me your data requests and exposure and health effects
reports.

Very truly yours,

R. N. Hazelwood, Ph.D.
Project Manager
Environmental Affairs

RNH/sp

(
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TOXlCOLO_ A'_D _PPiZED PH_R_AC'OLOGY47. 313-32" (1979)

Chromate Inhibition of Metabolism by Rat Tracheal Explants

II. In Vi_,o Exposures

UNIVERSITYOF CALIFORNIA ,_:."-:-._'}_ . .
x :--?/mw

DAMS,_0_CALIFORNIA95616 I? E C_ / i/S Z

i lam V. LosCutoff, Chief
Wil $to//o_o-]

.%_ D,¥-'Y$o.
ToxicPollutantsBranch _%_?o v'_o" Re: Chromium ce__.
CaliforniaAir ResourcesBoard -_o_
P. O. Box 2815
Sacramento, CA 95812

41515

( xplan

animals..

In an earlier study (Last et al.. 1977). we explants from rats exposed to Na:CrO4 in
demonstrated that the secretion of mucus tiro, administered as an aerosol. We find that

glycoproteins b? tracheal slices incubated for for equivalent concentrations of Na:CrOa
24 hr in tissue culture is inhibited b} in- administered in tiro and in ritro (calculated as
clusion of Na..CrOa in the culture medium, described below), there is equivalent inhi-
The extent of such inhibition was dependent bition of glycoprotein secretion rate in the
upon the concentration of chromate in the tracheal explant assay (Last et al., 1977).
medium; a biphasic dose-response curve was In addition, we have extended the previous
observed. In the second phase, at higher findings of chromate-induced cytotoxicity by
concentrations of chromate (above 0.27 mm), histochemical staining techniques.
we also observed inhibition of precursor Such a quantitative comparison of pol-

[-'H]glucosamine uptake and gross cyto- lutant effects in tiro and in ritro is, to the
toxicity. In the present stud)', analogous best of our knowledge, a completely novel
studies have been performed with tracheal approach with no published precedents.

00.41-00gX ?9 02031,3-10502.00_0

_1_ Copyright _' 19'19 b._AC-aeitmic Press. Inc.
All rl_flJS O_ r_pro_iu_llofl lB ,Jn_ I'or*_TAr¢$i;fxed.

Primed. ,n Great Brlt.ttn
/
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August 16, 1984

William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board

P.O. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

Reference: Chromium

Regarding July 31, 1984 ARB request for information on the
health effects of Chromium. We have no data to submit at
=his time.

We would like to continue to receive information inquiries,

etc. for other potential toxic air contaminants.

Sincerely,

Dale B. Hanson

Director, Engineering

DBH/dpc

cc: P. Charley

G. Sweeney
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(
172 East La ]olla Road, ?lacentia, California 92c70 -- /714_ d30.731 I

August 17, 1984

William V. Loscutoff, Chief
Toxic Pollutants Branch
Re: Chromium
California Air Resources Board
P.O. Box 2815
Sacramento
CA. 95812

Dear Mr. Loscutoff:

Adcoat, Inc. does not, at this time, use any chromium or chromium

compounds in its products.

We have, from time to time, considered the use of chromium containing

pigments, so we would like to remain on your mailing list for information

on chromium.

Very truly yours,
ADCOAT, INC.

HUGH H. MULLER
PRESIDENT

HHM/mw

"ierTict 1_ tar: of our formula"



_'-'--"ITXIVERSI'I_. ' OF C.&LIFORNI:t_ BERKELEY
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DEPARTMENT OF BIOPHYSICS L'NI_ERSITY OF CALIFORNIA. BERKELEY

AND MEDICAL PHYSICS h'Ol SA% PABLO ^VENL'E

BERKFZ EY. CA 947.'_0 OAKLAND. CA 946,0_

TELEPHONE. (4I_) 64.'.tle_)

17 August 1984

Mr. Peter D. Venturini
Stationary Source Division
Air Resources Division

ll02 Q Street
PO Box 2815
Sacramento, CA 95812

Dear Mr. Venturini:

Thank you for your letter of July 31 regarding chromium.

Any discussion or regulation concerning chromium should include consideration
of the fact that, in small amounts, it is a nutritionally essential element. The
recommended dietary allowance is 0.05 to 0.20 milligrams per day (National Academy

" of Sciences). See Recommended Dietary Allowances, 9th ed., 1980, National
Research Council, Washington, D.C.

Chromium deficiency in human beings causes disturbances of carbohydrate
metabolism, and marginal deficiency states may exist in the USA.

Kindly refrain from throwing the baby out with the bathwater. Thank
you.

Enclosed is a publication by me.

Sincerely yours,

THOMAS H. dUKES _'

cc: William V. Loscutoff
R.N. Hazelwood

Assemblywoman Sally Tanner

q



Ol'/ Chemical arid Atoml? VorZ'ers

. ]tlternanbna/ WtllOll

J. E. (JACK) FOLEY __ 304 FREEWAY CENTER BUILDING
DIRECTOR, DISTRICT NO. 1 '_' 3605 LONG BEACH BOULEVARD

_) LONG BEACH, CALIFORNIA 90807

,,, PHONE: (213) 426-6961

August 10, 1984

State of California z__/V_

Air Resources Board _0_74'''' _P.O. Box 2815

Sacramento,CA 95812 $1_,_ ' _C 9

Attention: Peter D. Venturini, Chief _'e_ ·

Stationary Source Division _

Dear Mr. Venturini:
/

In response to your communication of July 31, 1984,

please continue to send this, and like correspondence to this

office and I would appreciate your forwarding the same
material to:

Mr. Dan Edwards, Director

Health and Safety Dept.

Oil, Chemical & Atomic Workers
International Union

P. O. Box 2812

Denver, CO 80201

I have taken the liberty of forwarding a copy of your

July 31st letter to him at our Denver office.

May I take this opportunity to thank you in advance for

your cooperation on the above request.

Very truly yours,

:_irector, District_ 1

JEF:ajs
cc: Dan Edwards

File
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Chemical

August 24, 1984

Mr. William V. Loscutoff

Chief

Toxic Pollutants Branch

Re: Chromium

California Air Resources Board

P. O. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

Re: Request for Information Regarding Chromium

We are enclosing copies of comments provided last year to the EPA'S

Science Advisory-Board during their deliberations On the EPA's

Health Assessment Document for Chromium. A number of the specific

references mentioned in our comments were not listed in your

bibliography and should be reviewed. The concerns we expressed to

the EPA should also apply to both your review and that of the

Department of Health Services.

Also enclosed is a copy of a lifetime intratracheal injection study

in rats. A manuscript for publication related tc this study is

currently in preparation and will be forwarded when available.
Additional studies on detoxification mechanisms for chromates have

also been completed and manuscripts are in preparation. These

studies provide substantial additicnal support for a threshold

phenomenon for chromate carcinogenesis and will also be forwarded
when available.

Please be sure we are included in future mailings related to
chromium.

Sincerely,

Chemical Sector

JAH/hmw

Enclosures

An _I.LIED Comoany



Chevron

ChevronEnvironmental Health Center, Inc.
L '-.. A Chevron Research Company Subsidiary
--'"' 15299SanPabloAvenue,Richmond,California

Ma_ AdoresS ?.0 _x 405' _£nmr. m':. _.,_ 94804

R.O.CavaIli
Manage, August 22, 1984
Proc_uct Evaluation

4

William V. Loscu_F_
Chief, Toxic P.p,t'lutantsBranch
California A/ifResources Board
P.O.Box

Sacram_o, Cmlifornia 95812
Dear_Mr. Loscutoff:

This letter is in response to your request for information on the health
effects and environmental fate of chromium and its compounds. Upon review
of our files we did not identify any in-house toxicology or environmental
fate data on these materials. Several published reports were identified,
however, which we believe will significantly contribute to the information
already collected by the Air Resources Board. These references are listed
below:

Ecological Analysts, Inc. (November 1981). The Sources, Chemistry, Fate and
Effects of Chromium in Aquatic Environments. Available from API
Publications, order No. 847-89600.

Environmental Protection Agency (july 1983). Health Assessment Document for
Chromium, EPA 600/8-83-014A.

National Institute for Occupational Safety and Health (1975), Criteria for a
Recommended Standard. Occupational Exposure to Chromium VI, HEW
Publication No. 76-129.

National Institute for Occupational Safety and Health (1973), Criteria for a
Recommended Standard. Occupational Exposure to Chromic Acid, HEW
Publication No. 73-11021.

Please contact R. M. Wilkenfeld of my staff at (415) 231-5018 should you
have questions concerning the information we are submitting.

Sincerely,
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August 24, 1984

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch

California Air Resources Board

P. O. Box 2815

Sacramento, CA 95812

Subject: CHROMIUM

Dear Mr. Loscutoff:

Kaiser Aluminum & Chemical Corporation thanks you for the

opportunity to respond to your request for information

regarding chromium. We are interested in chromium compounds
because some are the basis for the manufacture of heat and

chemical resistant materials known as refractories, which is
the business of our Refractories Division.

Our concern centers exclusively around trivalent chromium

present in the ore of chromium. We call this ore
"chromite." Chromite is among the materials most resistant

to chemical change. It is insoluble in water and in all

common bases and acids including aqua regia. It is also

relatively insoluble in most of the aggressive leaching
substances designed to categorize hazardous wastes.

Examples of such leaching substances include citric and
acetic acids.

Many of the references cited in the attachment to the

"Request for Information Regarding Chromium" attest to the

absence of exposed worker health effect from chromite.

Battelle Memorial Institute, Columbus, Ohio, published a

study in February 1983 regarding their investigations to
determine the extent of health hazard from trivalent

chromium compounds used in the refractories industry. We

suggest you refer to a copy of that study (Exhibit A,

attached) and add their bibliography to the chromium

references provided with the State's request for information
on chromium.

\

o.

300 LAKES;Z-" DF_I'.'_ Ck.,'?.'.t" CALI_C_NiA 946._3
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Exhibit B, attached, is a report by Joseph J. Durek, Ph.D.,

which was part of a submission to the Department of Health
Services in the latter part of 1983. Dr. Durek's report
indicates the permanence of chromite, since the mineral is
found unaltered in the enviror_ent.

The third attachment, Exhibit C, by Dr. Harry Mikami, an
acknowledged expert on chromite, is further substantiation

for the permanence of chromite in the environment. Dr.

Mikami's paper and the references he cites should be part of
the references used in rule making.

Because of potential concern about trivalent chromium in

solution (water) we hired a Bay Area engineering company to
perform preliminary toxicity tests on rainbow trout using

750 grams of chromite per liter of water. Rainbow trout are

exceedingly sensitive to toxic substances and are a good
choice for delicate testing. There were no fatalities in

the 96 hours of exposure.

Kaiser Aluminum & Chemical Corporation believes that any

regulation on chromium compounds emitted to the atmosphere
should recognize the distinct difference in health effects

between trivalent and hexavalent compounds.

Sincerely,

Rod E. Ewart, CiH

Industrial Hygiene Manager

Attachments: Exhibit A, "Report on Evaluation of the
Potential Health Effects of Trivalent

Chromium Compounds in the Refractories

Industry," by Joiner, Rench, Zanetos, and

Brauning, Battelle Columbus Laboratories,

Columbus, OH, February 18, 1983

Exhibit B, "Chromite Distribution in
"by J J. Durek, Kaiser AluminumCalifornia, _ .

& Chemical Corporation, Oakland, CA, August
24, 1984.

Exhibit C, "Chromite," by H. M. Mikami, from
Industrial Minerals and Rocks, 4th Ed.,

A.I.M.E., 1975
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Diamond Shamrock
ChemicalsCompany TechnicalCenter

August 23, 1984

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch

California Air Resources Board
P.O. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

In response to Mr. Peter Vemturini's solicitation for infor-

mation on the toxicity of chromium, I have included several

pieces of information to aid in your review. These include:

1. "Chromates Symposium 80"

2. U.S. EPA list of references taken from a 7/83 draft of

their health assessment document on chromium.

3. "Testing Sodium Dichromate and Soluble Calcium Chromate

for Carcinogenicity in Rats" - final draft.

Another study, sponsored by the American Wood-Preservers'
Institute, titled "Effects of Chemical Preservatives on the

Health of Wood Treating Workers in Hawaii, 1981 - Clinical

and Chemical Profiles and Historical Prospective Study -

July, 1983" was not included but contains findings related

to worker exposure to chromium containing wood preservatives.

A copy of this study can be obtained by contacting:

J. E. Wilkinson

Reichold Chemicals, Inc.

1340 Taylor Way
Tacoma, Washington 98401

The proceedings from the Industrial Health Foundation's

"Chromates Symposium 80" is an excellent collection of

. pertinent information describing the acute & chronic toxic
effects that have been attributed to exposure to chromium

containing compounds.

Diamond Shamrock Chemicals Company A Subs,diary of Diamond Shamrock
P.O. Box 191,PalnesvH:eOn_o 44377 Pr'one 216357-3500



Mr. William V. Loscutoff, Chief

California Air Resources Board

\ August 23, 1984

Page 2

The list of references is from an external draft of
the Office of Health and Environmental Assessment's (OHEA)

"Health Assessment Document for Chromium" which was released

for review and comment in July, 1983. The document itself was
returned to EPA for further revision and is expected to be

released shortly. This health assessment document was

developed for use by the Office of Air Quality Planning and
Standards to support decision-making regarding possible

regulation of chromium as a hazardous air pollutant.

If you contact Dr. Si Duk Lee of OHEA of the U.S. EPA,
I'm sure he'd be happy to provide you with a copy of the
revised document when it is available.

The study "Testing Sodium Dichromate and Calcium Chromate
for Carcinogenicity in Rats" conducted by Bayer AG, Institute

of Toxicology is a final draft and should be regarded as
confidential until its publication in the journal, Cancer.

[ have included it because the findings are significant and

the study itself is one of the best done on this subject to
date. This work was planned, designed and sponsored within

the framework of the Industrial Health Foundation by a numb,

of the world's chromium chemicals producers.

In closing, we here at Diamond Shamrock appreciate the

opportunity to participate and contribute toward your
evaluation of air borne chromium. Please don't hesitate to
contact me if we can be of any further help.

Sincerely,

Chromium Chemicals Group
Research & Development

kjv



( P_CIFIC _S AI_D ELECTP_IC COlVIPANY

_"'--"_ 77 BEALE STREET ' SAN _'RANClSCO, CALI_'ORNIA 94106 · ('15) 781-42'i ' TWX 910-372-6587

_ , M1 HOWE

CM:[; SLT;_G ENG_NEEP

August 29, 1984

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch

Re: Chromium
California Air Resources Board

P.O. Box 2815

Sacramento, CA 95812
i'

/

Dear Mr. Loscutoff:

Information Inquiries Mailing List

Requests for Public Health Information

Pacific Gas and Electric Company received your July 31, 1984

request for additional public health information regarding

(' chromium. We reviewed the bibliography and concluded that

we are unaware of any additional public health effects

information which would be of use to you.

It is generally recognized that hexavalent chromium is far

more potent than trivalent chromium. In fact, your

bibliography includes references addressing such

differences. However, by requesting information on

"chromium" you appear to be overlooking such differences.

As a matter of general principle, PGandE thinks that any
risk assessment document forwarded to the Science Review

Panel for their review should include separate risk

assessments for each compound or valence state of concern --

particularly when the available data suggest that such

differences may be significant.

Please continue to send future information inquiries to me
at the above address.

Thank you.

Sincerely,

J. F. McKENZIE

Supervising Civil Engineer



,J_ POLY'rE_,

__4.,,_ 3801 West Temple Avenuet Pomona, California 91768

A POMONA

August 29, 1984

William V. Loscutoff, Chief
Toxic Pollutants Branch

Re: Chromium

California Air Resources Board
P.O. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:
/

Pursuant to your request for information regarding chromium

health effects, I have determined that the University does

not have any information which I believe would be important
in the Department of _ealth Services' evaluation of chromium
as a candidate toxic air contaminant.

Sincerely,

' Michael R. Ceser

Environmental Health & Safety Officer

MRC:cb

cc: President La Bounty

Dorothy Roberts

f' Agriculture
Ar*s

Business Adminislration

Engineering ' '
Environmental Design
Soence

Teacher Preparation

Member Of The California S_a;eUn,versa,)
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4:' 301PigeonPointRoad
New Castle, Delaware 19720
(302) 652-3301
Telex 905033

' Answerback:AMMINNCST
AmericanMinerals Cable AMINPAR Newcastle. DE

September 4, 1984

Mr. William Loscutoff, Chief
Toxic Pollutants Branch

Re: Chromium

California Air Resources Board

Box 2815

Sacramento, Ca. 95812

Dear Mr. Loscutoff:

This is in reply to your request for information

concerning the toxicity of Iron Chromite. We have

just received a copy of the letter from Mr. Venturini

and, therefore, were not able to respond by the

indicated deadline. It is hoped that you will

consider our evidence in spite of it being late.

American Minerals is a supplier of Iron Chromite

to the glass industry in California, so these hear-

ings are very important to us. Iron Chromite is

really a natural ore of Chromium which we import

from South Africa and grind in our plants in E1

Paso, Tx. and Wilmington, Del. Although we have
been involved with Iron Chromite for more than 25

years, wc have never noted an unusual incidence

of cancer in any of our plants.

Iron Chromite has the essential formula of FeO.Cr_o 3
whiich means that the Chromium is in the trivaient

state. We should like to submit in evidence, pages

18 to 29 of a report by Battelle Institute entitled,
"Evaluation of the Potential Health Effects of Tri-

Valent Chromium Compounds in the Refractories Industry".

The pages enclosed contain a good summary of the

experimental work that has been carried out in this

field. Please note on page 27,"The information

available on human exposure to chromium compounds

suggests that exposure to the trivalent chromium

\

¢,_CF' ._ "_"

?



301 Pigeon PointRoad
NewCastle, Delaware19720
f302) 652-3301
Telex 905033
Answert_ack:AMMINNCSTAmerican Minerals CableAMINPARNewcastle. DE

compounds does not produce a significant increase
in cancer incidence."

We can send you a copy of the entire report if this
would be of interest to you, but we did not want
to burden your files.

We are also enclosing a copy of a letter from Dr.
L.E. Thompson who serves as a consultant for us.

His opinion is that "The probability of hexavalent

chromium being produced in any substantial quantity
in the reactions assumed in the fusing of glass,
is relatively small."

Please place my name on your mailing list to receive

notifications of hearings concerning Chromium.

If we can supply you with any further information,
please write or call us.

%( Yours truly,_

Jesse A. Miller
Vice President

._J



_.- , Joseph M)sbrener, President

,, * L. Calvin Moore, Vice President
Robert E. Wages, Vice Prestclent
Internatio eel Offices:

255 Union BIvci.. Lakewood, CO 80228
Oil, Chemical & Atomic Workers

J,_ I 303/987-2229

International Union, AFL-CIO ,_ uaif;.o eox 2sl=. Oenver,COSO2O7

August 27, 1984

SEP4

Peter O. Venturini, Chief Stat_onanfSourCe
Stationary Source Division DN_sion
State of California, Ai_Rcs°UrCeSS°ard
Air Resources Board

__15P. O. Box _o

Sacramento, CA 95812

Re: Request for Information

Regarding Chromium

Dear Mr. Venturini:

Reference is made to your letter of July 31, 1984, regarding the above,

addressed to Director Foley, and Director Foley's August 10, 1984, response to
you (copy attached).

First, I concur with Director Foley's request to direct future requests of

this nature directly to this office, while continuing to direct a copy of such
requests to his office.

Regarding Chromium, this office has no unpublished or other information other

than that contained in the standard reference literature, which I'm sure you

already have. We also have no information regarding environmental and/or
biological transformations of chromium and its compounds.

Thank you for the opportunity to provide information?

Yours truly . /_ ,_

Dan C. Edwards, Director

Rea!th and Safety Department

c-R. E. Wages, Vice President

J. E. Foley, Director



._ ,_ : , CKLiPO_fiI_C_:STk\_'l"_LS4SSOC)--_Fi.L,//, ,'/? v
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// _ 1722 J Street · Suite 14 · Sacramento, CA 95814 · (916) 442-6233

Frederick J. Simonelli

William P. Conway, Jr.
J,C,'_-:$trJttve _,tec:_r

Hazel Kagan September 5, 1984
Lf_ Sli' we _&lySt

Hr. Peter D. Venturini
Stationary Source Division
California Air Resources Board
P.O. Box 2815
Sacramento, CA 95812

Dear Mr. Venturini:

I have no information regarding the toxicity of chromium, but wish
to continue to receive inquiries for other candidate compounds.

_erelyk_ '1

Jay Dye/r,Jr.
Administrative Assistant

JD:em

/



New York State Department of Environmental Conservation _"-_"_

50 Wolf Road, Albany, New York 12233-0001 _..i__:___

Henry G. Williams
Commissioner

September 6, 1984

Mr. William V. Loscutoff, Chief

Toxics Pollutants Branch

California Air Resources Board

P.O. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

At your request for information regarding Chromium as a

toxic air contaminant (TAC), we are enclosing Copies of "New York
State Air Guide-1 - Guidelines for the Control of Hazardous

Ambient Air Contaminants" and "Part 212 - Processes and Exhaust

and/or Ventilation Systems" for environmental ratings in the
State of New York.

After extensive research done by New York State Department of

Environmental Conservation and the Department of Health, hexavalent

chromium and derivatives have been classified as high toxicity

air contaminants. After reviewing your enclosed references, I

do not think that we could add any more useful information at the

present time. We are enclosing the above documents that our

Regional Air Pollution Control Engineers (RAPCEs) use as a

reference guide in trying to minimize the hazards of toxic

contaminants in our environment.

We would be very interested in receiving a copy of your

report on Chromium when available.

Oarlos
Asst. Research Scientist

Bureau of Air Toxics

Division of Air

Enc.



DEPARTMENT Of TH[ ARMY x

U. $. ARMY ENVIRONMENTAL HYGIENE AGENCY

AGERI:)EEN PROVING GROUNO. MARYLAN{:) 21010-6422

(
I_CPLy TO

·",""o'o' 05
Occupational and Environmental

Medici ne Division

Mr. William V. Loscutoff
Chief, Toxic Pollutants Branch
California Air Resources Board

- P.O. Box2815
Sacramento, California 95812

Dear Mr. Loscutoff:

This Agency has no information which would be pertinent to your
evaluation of the health effects of chromium. However, we are aware
of a recent EPA draft document which you may want to review if you
have not already done so. The draft document, Health Assessment Docu-
ment for Chromium, SRC TR-84-628, May 7, 1984, and any public conments
thereto should provide important information on the current assessment
of chromium's health effects. This document was published by the U.S.
Environmental Protection Agency, Office of Research and Development,
Research Triangle Park, North Carolina 27711. Project coordinator is
Si Duk Lee, Ph.D.

Questions or con_nentsto this Agency should be addressed to
Major Robert W. Petzold, M.D., M.P.H., telephone (301) 671-2464.

Si ncerely,

Gaydos,_i.D.
Colonel, Medical _Corps
Director, Occupational and

Environmental Health

t



Memorandum

: William V. Loscutoff, Chief Date : September 6, 1984
Toxic Pollutants Branch
CaliforniaAir ResourcesBoard PJace: Sacramento
P.O. Box 2815
Sacramento, CA 95812

From : Department of Food and Agriculture

Subject:Response to Request for Information Relevant to DOHS Evaluation of Chromium as
a Candidate Toxic Air Contaminant

Ln response to your request, I am enclosing a copy of the print-out of references
in the Department of Food and Agriculture's Registration Library. Please be
advised that some of these references may be confidential access and as such may
fall under the Department's policy on such matters,

Lori Johnston, _sistant Director
Pest Managament, _-hvironmental
Protection and Worker Safety
(916) 322-6315

Attachment

SURNXMEI jS0.106 J
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HEUBACH INC.

256 VANDERPOOL STREET

NEWARK. NEW JERSEY 07114

201-242-1800

September 24, 1984

Air Resources Board

1102 Q Street
P.O. Box 2815

Sacramento, CA 95812
ATTN: Mr. Peter Venturini

Dear Mr. Venturini:

We received through our California sales office a request

for information on Chromium. I suggest that this request be
directed to the Dry Color Manufacturers' Association who

should be in a position to provide you with comprehensive

information on health effects of chromium based pigments.
You may wish to address this request to:

Dry Color Manufacturers' Association
P.O. Box 931

Alexandria, VA 22313
ATTN: Mr. J. Lawrence Robinson

Executive Vice President

I am sure this will enable you to get pertinent information

for your study.

Sincerely,

%._ / . t./.X_? ,, , >/- ,-
P. A. Wriede

Vice President, R&D

PAW: mr ,<_

'cc: J. L. Robinson- DCMA

o_,..., _,.,



Representing the Color Pigments Industry SU,T20?_206NORTHWASHINGTONSTREETALEXANDRIA, VA 22314 (7031 684-4044

MailimgAddress:
P.O, BOX 931, ALEXANDRIA, VA. 22313

December 20, 1984

William V. Loscutoff, Chief
Toxic Pollutants Branch

Re: Chromium
California Air Resources Board

P.O. Box 2815

Sacramento, California 95182

Dear Mr. Loscutoff:

The Dry Color Manufacturers' Association is pleased to provide you with

additional references as a result of your request of October 4 concerning

information regarding chromium.

The Dry Color Manufacturers' Association is an industry _rade association

representing small, medium and large pigment color manufacturers throughout the
United States and Canada, accounting for approximately 95% of the production of

color pigments in this country. Foreign pigment manufacturers with sales in

the United States and Canada and suppliers of intermediates to the pigments
industry are also members of the Association. The Lead Chromate Committee of

the DCMA represents manufacturers of lead chromate pigments and the enclosed

comments are prepared by that committee.

You will find enclosed a copy of a report entitled, "The Effect of a Range of

Chromium-Containing Materials on Rat Lung", a study conducted by the University

of Aston in Birmingham, England, sponsored by the DCMA and others. You will

note that this study indicates significant differences in different chromium

compounds. In particular, the solubility of chromium pigments is much lower

than other chromium compounds, and their impact on _he environment is

significantly less.

Also enclosed is a paper entitled, "Mutagenicity of Chromium Compounds" by F.

L. Petrilli and S. De Flora which appeared in the Proceedings of the Chromate

Symposium 1980. In that paper you will note the importance that the authors

place on threshold levels.

We trust that this information is of assistance to you. Should you have any

questions concerning lead chromate pigments, please feel free to call upon us.

Sincerely,

Executive Vice President

Enclosures

DEC2 ? 1984
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_.,,.S,u_.'z:of California

mo ran d urn

o : Peter Rank, Director Date : October 3, 1984

Department of Health Services
714 P Street Subjee:Evaluation of

evaluate the health effects of chromium as a candidate toxic air

contaminant in accordance with Assembly Bill 1807 (Tanner).

According to Health and Safety Code Sections 39660-62, your

Department has ninety days to submit a written evaluation and
recommendations on the health effects of chromium to the Air

Resources Board and may request a thirty day extension.

Attached for your staff's consideration in evaluating

chromium are: Attachment I - a suggested list of topics that we

believe should be included in your chromium evaluation and
recommendations; Attachment II - a list cf references on chromium

health effects which were identified in an ARB letter of public

inquiry; Attachment III - additional references received from the

public in response to the inquiry letter; Attachment IV -

comments provided by Allied Chemical to EPA's Science Advisory

Board during SAB's deliberations on EPA's Health Assessment
Document for Chromium; and Attachment V - ambient chromium

concentration data and emission trends which should be used to

estimate the range of risk to California residents as required in

Health and Safety Code Section 39660(c).

My. staff is available for consultation in conducting
this health effects evaluation. We look forward to continuing to

work closely with you and your staff in carrying out this

legislative mandate. If you have any further questions regarding
this matter, please contact me at 445-4383 or have your staff
contact Peter D. Venturini, Chief of the Stationary Source

Division, at 445-0650.

Attachments

cc: Gordon Duffy

Alex Kelter w/attachments

Raymond Neutra w/attachments
Peter D. Venturini

Assemblywoman Sally Tanner

Claire Berryhill
Emil Mrak, Chairman and Members

of the Scientific Review Panel



Attachment I

CHRO!IIWl: TOPICS TO BE INCLUDED IN FINAL STAFF REPORT ON CHROIUUII

I. CHEHtCAL ArIDPHYSICAL PROPERTIES

A. Valence States

B. Chromium Containing Compounds

C. Environmental Transport

D. Industrial Uses

!I. INHALATIOtlTOXICOLOGY OF CHROHIUH

A. Occurence of Chromium in Particulate Hatter

B. Depositionin the Lung

C. Defense Responses of the Lung

D. Inhibition of Normal Pulmonary Functions

E. Fibrogenic Potential of Chromium

Iii. CARCINOGENICITY (REVIEW ARTICLES: U.S. EPA, DRAFT DOCUMENT, 1983;
IARC, 1980)

A. Human Evidence (Hayes, ]982; Norseth, 1981; Langard, 1983; and
Leonard and Lauwerys, 1980)
]. Epidemiologic studies of workers in the production of chromium

compounds
a. Strong association between industrial exposure and

respiratory cancer
b. Undefined exposure levels
c. Exposure may include chromite ore, Cr(III) and Cr(VI)

compounds with various solubilites.
2. Epidemiologicstudiesof workers in the productionand use of

chromium pigments
a. Some indication that workers in chromium pigment
. production had increased respiratory cancer.
b. The risk associated with the use of such pigments and

products containing such pigments is less certain.
c. Major exposure is to Cr(VI) in compounds such as lead and

zinc chromates.

3. Epidemiologic studies of workers in chrome plating industry
a. Data are inconclusive to determine the risk of respiratory

cancer

b.. Chromium oxides are the major exposure
4. Epidemiologic studies of workers in ferro-chromium industry

a. Some indication of increased lung cancers
b. Exposure to Ct(iii), Cr(VI) compounds and possibly other

carcinogens such as asbestos and benzo(a)pyrene



B. Animal Evidence (Hayes, 1982; Norseth, 1981; Langard, 1983; and
Leonard and Lauwerys, )980)
I. The carcinogenicity of different compounds containing chromium

has been studied in laboratory animal species through various
routes of exposure.

2. Sufficient evidence exists for Cr(VI) compounds in causing
cancer in animals--e.g., calcium chromate, strontium chromate
and zinc chromate.

3. Chromium (VI) compounds have been shown to be carcinogenic by
different routes of exposure--e.g., intrabronchial,
intrapleural, intramuscular implantation and subcutaneous
injection.

4. Both Cr(IIi) and Cr(VI) compounds have been ineffective in
producing lung tumors in animals.

5. Cr(IiI) compounds have not been shown to be carcinogenic in
animals by oral administration.

IV. S)IORT-TERHTESTS FOR GE)IOTOXICITY

IARC (1982) considered the evidence for the genotoxic activity of
hexavalent chromium to be sufficient and the evidence for trivalent chromium

to be inadequate.

The most recent revie;_ articles on the genotoxicity of chromium
compounds include those by: Levis and Bianchi (1982); Sirover (1981);
Hatherill (1981); and EPA (7983). The following outline on the genotoxicity
of chromium compounds emphasizes articles published subsequent to the iARC
monograph review (1980) and complements the above-listed reviews. The outline
is not meant to be comprehensive. Representative articles in each category
are listed.

A. Gene Mutation or D_ Damage in Bacteria or Fungi
I. Gene Iiutations- Hexavalent Chromium (Cr VI) was mutagenic in

several Salmonella strains. Trivalent chromium (CrIIt) was
negative. (Bennicelli, et al., I983; Petrilli and DeFlora,
19Bl.)
2. D_IADamage - Cr(VI) induced DIIAdamage as determined by

.B_-'Su_s rec repair assay. (Kada, et al., 1980.)

B. Gene Hutation or D1;ADamage in Mammalian Cells {excluding human
cells)
1. Gene Mutation - Cr(VI) was mutagenic in V79 Chinese hamster

· ce-e'lTsin c_lture(Paschin,et al., 7983;Newbold,et al.,
7979). Cr{III)was inactive'-in'-V79cells (Newbold,et al.,
1979). ----

2. Dt_ Damage - Cr(VI) inducedDNA cross-links,strandbreaks,
DNA-protein cross links in chick embryo hepatocytes

(Tsapakos, et al., 7983). Rainaldi, et al. (1982) reported
that Cr{VI)--Tni_'ucedsister chromatid _c_nges in V79 cells in
vitro in a dose-dependent manner.

C. DNA Damage in Human Cells
1. In vitro - Stella,et al. {1982) reported that Cr(V!) induced

_ste-_--_hromatid ex_a_'ges (SCE) in human 7ymphocytes in

culture in a dose-dependent manner. Cr(IlI) was inactive.

-2-



2. In vivo - Workers exposed to chromic acid (Ct[VI]) had
IncreasedSCE's compared to unexposedcontrols (Sarto,et al.,
1982).

D. Chromosomal Effects
1. Stella, et al. (1982) reported significant increase in

chromatid-type aberrations (gaps and breaks) in human
lym_hocytes in vitro at Cr(VI) concentrations above 2.5 x
lO-/M. One _'_nlS-6-_-d--timesmore Cr(III)was requiredcompared
to Cr(VI) to increase the frequency of chromosomaI aberrations.

2. Sarto, et al. (1982) reported increased chromosomal aberrations
in workers exposed to chromic acid {Cr[VI]).

E. Other Short-Term Tests for Genetoxicity
I. Dominant lethal assay - Cr(VI) was positive in mice. There was

a dose-dependent relationship (Knudsen, I980).
2. House spot test - Welding fumes and Cr(VI) were positive

(Knudsen, 1980).

V. REPRODUCTIVE EFFECTS

A. Animal Studies

1. Teratogenesis:

)lethodof Oxidation

Species Administration State Author(s) Effects

a. Mice I.P. Injection Cr(III) ()latsumoto, Fetal deaths
et al. 1976} exencephaly,

open eyelids,
cleft palate,
skeletal mal-
formations

b. Hamsters I.V. Injection Cr(VI) Gale, 1978) Fetal deaths,
cleft palate,
skeletalde-
fects

c. Hamsters I.V. Injection Cr(VI) Gale and Bunch, Fetal deaths,
(pregnant) days7,8,9 1979) cleftpalate

' d. Mice/Blasto- In Vitro Cr{VI) Ijima,et al. Degenerationof
cysts& egg 1983)-m InnerCell
cylinders Mass,ginNo.

of S.C.E.'s,
in develop-

ment and
cro_nrump
length

e. Mice I.P. Injection 51{Cr (Ijima,et al. Neuraltube
(pregnant) day8 (Iii)) 1983) defects

-3-



1. Teratogenesis (continued):

Methodof Oxidation

....Species Administration State Author(s) Effects

f. Chicken Air Sac Injec- Ct(VI) (Gilano& SkeletalMal-
Eggs tion Marano, formations,

1979) exencephaly
microphthalmia
evisceration/
decreased body
size

g. Chick In Vitro Cr(III),{Denker, Inhibitionof
Fibroblast Cr(VI) et al., cartilagefor-

'I'_Si_r7 mation
{skeletal de-
fects)

2. ImpairedFertility

Method of Oxidation

Species Administration State Author(s) Effects

a. Sea Urchin Pre-treatment Cr(VI) Pagano, et al. _Fertilizatio
ofsperm 1983)

Gametes Cr(III) NoMalforma-
tion

b. Narine 2-Generation Cr{VI) Oshida& Word, _# of Off-
1982 spring

Polychaete Toxicity Changein
Test SpawningTime

Cr(III) NoChange

c. Rabbit IP, 2 mg/kg Cr{III), Behari,1978 _ Testicular
or {FromLee, Succinic
Cr{YI) 1983) dehydro-

genase

ATP-Ase
Multi-
nucleated
Germ Ceils

Degeneration
of

Spermatocytes

-4-



B. Human Effects
1. Chromium levels in placentas and in maternal and fetal blood in

25 maternal-fetal sets from each of eight geographic areas in
the United States. Stable maternal-fetal chromium ratio
demonstrated in spite of geographic variation. (treason, et al.
1976)

2. Lack of relationshipbetween levels of chromium in drinking
water in 48 local areas in South Wales and increased CNS
_lalformation rates. (Elwood, et al. 1974)

C. Discussion of Animal Data
1. I_echanism of Action - Maternal Toxicity
2. Effects on Fertility

D. Human Data (insufficient)

VI. ACUTE TOXICITY (REVIEW ARTICLE: IARC, 23 (1980)

A. Ct(VI)
7. Fata7 ingestion (1.5 - 6 g) causes hemorrhage in variousorgans,

shock and death
2. Toxic to renal tubules and liver
$. Corrosive to nasal septum
4. Contact sensitivity in the skin
5. Bronchial asthma and pulmonary edema
6. Irritation of mucus membranes (including conjunctivitis and

corneal injury and respiratory irritation)
B. Cr

1. Chromium metal is relatively nontoxic

C. Cr(III),Ct(II)
I. Inhalation of insoluble chromite dust produces pneumoconiotic

changes consisting of thickening of interstitial tissue,
fibrosis and hyalinization of the lungs.

2. Inhalation of soluble chromic and chromous salts have produced
no established acute toxicity with the exception of dermatitis.

VII. PHAR)_COKINETICS

A. Absorption, Distribution and Excretion

Chromium is absorbed from the gastro-intestinal tract and the
airways of the lungs. Following inhalation exposure, it may deposit in
the pulmonary tissues. Chromium is excreted in the urine and also from
the GI tract where biliary excretion plays an important role (Langard,
1982).

B. Metabolism

Chromate, Cr{VI), is reduced in the cells of the body to produce
Ct(III). Molecules containing sulfhydryl groups easily reduce
chromate. Several proteins contain chromate-reductase activity. This
activity is found in the microsomes and mitochondria. {Connett and
Wetterhahn, 1983.)

-5-



VIII. RISK ASSESSIIEI_T(REVIEW ARTICLES: U.S. EPA, _RAFT [1983];
IARC, VOL. 23 [1980]; AND SUPPLEIIENT [1982])

A. Threshold Determination

7. Solubility of Compounds
2. Valence States
3. Route of Administration

B. Dose-response Assessment Based on:
7. Available Animal Data
2. Human Epidemiology and Monitoring
3. Workplace Evidence

C. Range of Potential Risks
I. Study of Manusco (1975} - See EPA Draft
2. CAG Estimate
3. Population at Risk

-6-



Attachment !2

Chromium References (9/10/84

1. Adachi, S., Yoshimura, R., HiyayAmA, R., KatAy&ma, H. TAkenoto, K. and Kawai, H.

(May 1982) cgffects of chromium compounds on the resp ratory system. 2.

Difference between water-soluble hezAvalent and trite ent compounds]. Sangyo Igaku
(JAPAN) 25 (3) :p141_-54.

2. Alezander, J., Aaseth, J. and Norseth, T. (1982) UptAke of chromium by rat Ii,er

mitochondria.. Toxicology (NETHERLANDS) 24 (2) :pllS-ZZ.

3. Anonymous (1981) Ambient water quality criteria for chromium. NTISIPBSl-l17447.

q. t3arAnowsk_-Outkiewicc, B. (Mar 198I) Absorption of hex&relent chromium by skin in
man.. Arch Toxicol. 47 (1):p47-50.

5. Becking, G. C. (1981) Recent advances in the tozicit T of heavy metals--an
overview.. Funda'` Appl ToxicoI. 1(5):348-52.
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Allied l.',or_::,...._ _';e,,,,2e,sey 07750

Chem[cal

August 24, 1984

_J. William V. Loscutoff

Chief

Toxic Pollutants Branch

Re: Chromium

California Air Resources Board

': P. 0. Box 2815

Sacramento, California 95812

Dear Mr. Loscu_cff:

-' Re: Request for Information Regarding Chromium

We are enclosing copies of comments provided last year to the EPA's

Science Advisory Board during their deliberations on the EPA's

Hea!%h Assessment Documen% for Chromium. A numberlof the specific
°

references mentioned in our comments were no= listed in your

bibliography and should be reviewed. The concerns we expressed to

%he EPA should also a_ply to both your review end that of the

Department of _ea!th Services.

Also enclosed is a copy of a lifetime intra_racheal injection study

in rats. A manuscrip_ for publication rela_ed to '_--__sstudy is

currently in preparation and will be forwarded when available.
Additional studies on detoxificazion mechanisms for chromaues have '

also been compluted a_nd _z_nuscripts are in prepzration. These

s=u_ies provide subs_antia! addition a! support for a threshold

phenomenon for chromate carc_nogefiesis an_ will also be fo._arded

when available.

Please be nure we are included in fu=ure m_iiings rela=ed _o

chromium.

Sincerely,

_./A. Hathaway, M.. D-
D_rector - Medical Ser%'ices

C;_.emica! Sec:or

e

J AH/hmw

Enclosures

An_EDOomDany



· ' AHied Corporation
Co;pora',e Health,
Salety an_ Environmental Sciences
P.O. Box 2332R
h',orristown, New Jersey 07960

October 28, 1983

Members, Science Advisory Board
Environmental Health Co_ittee

U. S. Environmental Protection Agency

Reference: Health Assessment Document for Chromium,

Review Draft, EPA-600/8-83-014A

Allied Corporation is a major United States producer of basic chromium

chemicals. In the very limited time available to us, we have tried to
review the above referenced document. We have identified numerous

areas where we disagree with the in%erpretations, methods of analysis,

and/or conclusions expressed. In a few instances we have noted errors

in the factual information presented in the document, or omissions of

recent pertinent scientific papers related to chromium compounds. We

would like to stress that our review is limited in scope due to the

short time-fr_ allowed by %he EnvirOnmental Protection Agency. We

were unable to review most of the references in their original form and

suspect that had more time been available, additional errors in fact or

interpretation would have been discovered.

in addition to our specific concerns noted below we would make the ·

general okservation that the document has internal inconsistencies

related to interpretation of scientific data. While we can appreciate

the difficulty of preparing a cohesive document of this size when

nur,erous authors are drafting different sections, we believe that it

was premature of the Environmental Protection Agency to present the

document to the Science Advisory Board in its present condition. It

would have seemed advisable for the Agency to reexamine the document

for editorial consistency as well as consider the oo_%ments of external

reviewers before submitting it to =he Scientific Advisory Board. The

summary, which can be expected to be relied upon by the public and

regulatory agencies to a large degree, is particularly troublesome

inasmuch as the conclusions expressed therein are usually incomplete or

unrepresentative of important scientific studies and interpretations

discussed in the body of the report.

We do agree with one of the m_jor conclusions of the report that there

is sufficient evidence for the carcinogenicity of calcium chromate,

strcutium chromate and zinc chromate from animal s=udies and for

similar moderately insoluble chromates from epidemiology studies. But

we disagree with many other interpretations and conclusions. Of
particular concern is that both the qualitative and quantitative risk

assessments for all chromium compounds are unsupported by the available

scientific data and clearly exaggerate the risk to h=man populations

exposed to low doses. We also believe that the scientific data supports

the conclusions that chromates do not Pose a h_r,an teratogenic risk and

that trivalent chromium compounds are not mutagenic or carcinogenic in



October 28, 1983

Members, Science Advisory Board

Environmental Health Committee

U. S. Environmental Protection Agency

Health Assessment Document for Chromium,

Review Draft, EPA-600/8-83-0!4A

man. In contrast the document, particularly the summary, implies that

the evidence is inconclusive on these issues. Our specific comments
will address these concerns as well as other issues in more de:ail.

1. Epidemiolo_ Studies of Chromate Production Workers

Sixteen epidemiology studies of chromate manufacturing plants are

reviewed in the document (pages 7-36 to 7-55). _%ile the studies

clearly demonstrate an increased risk of lung cancer associated

with work in these plants, :he qualitative risks as discussed in

:he summary on pages 7-64 and 7-65 implies a far greater risk than

actually exists for current workers. Relative risks quo:ed in :he

sum%nary are 29, 32, 23, and 38. These relative risks are from

studies with small sample sizes, inappropriate controls and/or

reflect studies performed in the 1940's or 1950's %-hich included

workers whose exposures were primarily in the 1910-1930 time

frame. Unfortunately no mention is made in :he sun=nary of the

three studies of more contemporary cohorts. The three more

current studies discussed in the body of the EPA document

demons%rate much lower risks for workers initially hired from the

1940's to about 1960. For workers hired since 1960 two of the

three studies show no excess risk of lung cancer. All three

studies compared cohorts initially exposed during different time

periods corresponding to improvements in indus:rial hygiene or

modification of processes. The cohorts correspond to %he

following time frames:

I II III

Leverkusen approx. '40-'48 '48-'57 '57-'79

Uerdingen approx. '40-'48 '48-'63 '63-'79

Eaglescliff * '49-'60 + '49-'60 '61-'77

(only) (or later)

Baltimore '45-'49 '50-'59 '60-'74

· 1949-1960 cohort includes workers hired after 1949 with no

exposure after 1960. + 1949-1960 includes workers hired during

this period but who also worked after 1961. Ail other cohorts in
this Table include workers hired exclusively during the indicated

time periods.

-2-
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Review Draft, EPA-600/8-83-014A

The results of the studies are summarized below:

S MR

Time Frame

Author Country Location I II III

Korallus, et al. W. Germany

Leverkusen 2.76 2.60 0.96

Uerdingen 2.85 1.97 0.54

Alderson, et al. Great Britain

Eaglescliff 3.03 2.03 1.87

Hayes, et al United States

Baltimore

Short-term 1.8 1.8 No Cases

Long-term 3.0 3.4 No Cases

When the three studies are considered together there is a clear

trend showing a decreasing risk for more recently hired cohorts.

The rates even for workers initially hired in the 1940's and 1950's

are much improved over those quoted in older studies whether one

looks at the relative risks of 20-30 or the S_ of 8.5 observed by

Taylor {page 7-44) using more modern epidemiology methods. Rates

fo r workers hired since about 1960 are even more favorable and

excess risks may have been eliminated in the German and United

· States plants studied.

The authors of the document noted that the favorable trends within

each study are not statistically significant but the identical

trend in all three studies should be considered strongly suggestive

of a substantial decrease if not elimination of excess lung cancer

risk in these plants. Another argument raised by the authors is

that the amount of time that has passed since 1960 may be an

insufficient latent period for lung cancer in chromate production

workers. We concur that this is a possibility; however, in

-3-
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U. S. Environmental Protection Agency

Health Assessment Document for Chromium,

Review Draft, EPA-600/8-83-O14A

reviewing several older epidemiolcgy studies the authors noted a

higher relative risk for lung cancer in workers less than 45 years

of age compared to older workers. This situation clearly does not

exist in the cohorts first hired since 1960 since many of these

individuals would now be approaching age 45 even if hired at age

20. It is our opinion that even though the risk of lung cancer has

not been proven co have been eliminated in these workers, it is

certainly markedly reduced from early time periods. This

conclusion should be adequately addressed in both the body of the

document and its summary.

2. Quantitative Risk Assessment

Allied Corporation strongly disagrees with both the methodology

used in making the quantitative risk assessment as well as the

final result. Based on animal studies and mutageni_ity tests we

believe the lifetime es%imate3of cancer of 1.2 x 10-- for
continuous exposure to 1 ug/m of chromium is overestimated by
several orders of magnitude or even more probably that there is no

risk whatsoever at that level of exposure. Our opinion is based on

the following points, several of which we understand will be

discussed in even more detail by the Industrial Health Foundation's

Chromium Chemicals Environmental Health and Safety Committee.

· The one-hit model used by the EPA to estimate risk

is inappropriate.

Any of the commonly discussed mathematical models,

including the one-hit model, used to estimate low

dose exposures to carcinogens are designed for

systemic acting carcinogens. Since carcinogenic

effec:s for chromates are a local phenomenon, none

of these models are appropriate for quantitative
risk assessment.

The EPA did not seriously consider the substantial

amount of phar_cokinetic information on chromates

that support the concept of a threshold for

carcinogenesis.

-4-
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Review Draft, EPA-600/8-83-O14A

Ail chromium compounds, regardless of valence or

solubility, were inappropriately considered of

equivalent toxicity in calculating the quantitative
risk assessment.

The exposure levels used from the Mancuso

epidemiology study to develop risk estimates were
too low.

Comparisons to real-life exposures to chromium

compounds demonstrate that the quantitative risk

estimate does not reflect reality.

(a) One-Hit Model

The use of this model appears to follow outmoded pciicy

and outdated methodology rather than current scientific

judgment. One would have expected a more balanced

presentation on this issue in pages 7-66 and 7-67. There

is insufficient discussion of arguments against the one-

hit model. Further discussion on the substantial

controversies that exist in selection of mathematical

models to predict low exposure cancer risks, should be
made in the document.

In fact, there are numerous articles that make significant

points against the blind political use of the one-hit

model in scientific risk assessmen:. A few of these

include:

(1) Final Report of the Scientific

Committee of the Food Safety Council,

June 1980, Food Safety Council, 1725 K

Street, N.W., Washington, DC 20000.

(2) Ryzin, J.V., Quantitative Risk

Assessment, Journal of Occupational

Medicine, 22:321-326, 1980.

-5-
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(3) Park, C.N. and R.D. Snee, Quantitative
Risk Assessment: State-Of-The-Ar= for

Carcinogenecis. Fundamental and

Applied Toxicology, 3:310-333, 1983.

In addition, there are several articles in the January-

February 1981 issue of Fundamental and Applied Toxicology

that discuss the ED 0. study performed a_ :he National
Center for Toxicolog_ Research which was referenced on

page 7-67 in support of using a one-hit model. These

articles clearly point out the inappropriateness of the

one-hit model as it relates to exposure to

2-acetylaminofluorene and bladder cancer. _en time to

tub.or considerations are applied the one-hit model is also

not supported by the data on liver cancer, contrary to the
claim made in the EPA's draft document.

(b) Inappropriateness of Mathematical Models in Predicting Low

Dose Risks from Chromate Exposures

Chromates have been shown in animal or epidemiology

studies to only produce tumors at the site of initial

contacu; that is, at implant sites or respiratory tract

surfaces. Despite numerous animal experiments, no tumors
have been seen at distant sites. Mathematical models

implicitly assume random and even distribution of dose to

the animal or man. This is simply not the case with

chromates. The animal chromate inhalation versus implant

s=udies reinforce this point when lung cancer is

manifested in the latter and not the former. Any risk

assessment that works with averge exposures or time-

weighted average exposures based on samples with extreme

variations in time and space, cannot be expected to give

reliable risk extrapolation estima%es. This point will

become clearer when the exposures in the Mancuso study and

similar industrial hygiene experience at Allied's

Baltimore Plant is discussed later.
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(c) Pharmacokinetic Data on ChroTmtes

Contrary to the statement on page 5-22, there is a

substantial amount of information on the pharmacokinetics
of chromate metabolism. In addition to the numerous

studies referenced in the document, the following should
be added:

Petrilli, F. L. and S. DeFlora,

Interpretations on Chromium Mutagenicity and

Carcinogenicity in Muta_ens In our

Environment, pages 453-464, Alan R. Liss,

Inc., 150 Fifth Ave., New York, NY 100!!,
1982.

This information, along with the results of a recently

completed life-time intratracheal injection study (to be

provided with the submission from the Industrial Health

Foundation's Chromium Chemicals Environmental Health and

Safety Committee), provide substantial evidence for a

threshold for mutagenic and carcinogenic responses to

chromate exposure.

Hexavalent chromates can be effectively reduced to the

much less toxic and nonmutagenic (in vivo and using whole

cells in vitro) trivalent chromium. This reduction takes

place rapidly in the skin, saliva, gastric juice, red

blood cells, and liver. Chromate can also be reduced by

compounds normally present in cytoplasm such as ascorbic

acid and reduced glutathione. Lung cells can also reduce

chromates to a small degree and with repeat exposures this

reduction is enhanced in a manner suggestive of enzyme

induction.

The knowledge of these pharmacokinetic mechanisms provides

understanding to the observations that chromates do not

produce cancers at distant sites and do not enter fetal

tissues from reasonable routes of K_ternal exposure. This

knowledge and the further observation that it is difficult

to produce tumors in the respiratory tracts of animals

unless material is held directly in contact with tissue

(intratrachea! implantation) or by large dose bolus

-7-
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administration (Industrial Health Foundation S_u_y)

provides good evidence of a threshold effect for chromate

carcinogenesis.

(d) Solubility and Valence State

The EPA document does not differentiate between differen=

forms of chromium compounds in its quantitative risk _

assessment. This is acknowledged to be inappropriate but

is justified by lack of separate exposure informs=ion on

hexavalent chromates. It is our opinion that this

justification is unsupportable scientifically. If there

is insufficient inforr_tion :o make a quantitative risk

assessment because of lack of exposure information, this

fact should have simply been acknowledged and no a=tempt
at risk assessment should have been made. In fact, as

previously discussed, there are ample additional reasons

for not performing the risk assessment using mat_,ema=ical

models and certainly for not using the one-hit model.

The numerous references on trivalent chromium throughou_

the document provide sufficient information to conclude

that trivalent chromium is not a carcinogen or mu=agen.

This is in contrast to :he statement in the document that

the data on these effects relative to trivalent chromium

are inconclusive. In fact, studies on trivalent chromium

have consistently sho_ a lack of carcinogenic activity

and lack of mutagenic activity. _%ile some interaction cf
trivalent chromium with DNA has been demonstrated, these

have been in artificial cell extracts. _enever whole

organism including yeast and bacteria have been used the

results have been negative. The inability of trivalent

chromium to penetrate cell membranes has been clearly

established by the studies cited An the draft document.

This fact, coupled wi=h the lack of mutagenic activity in

vitro and the negative results in carcinogenicity studies,

should logically lead to the conclusion that trivalen=

chromium compounds do not pose a carcinogenic or mutagenic

risk co humans.
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Solubility ccnsiderations are discussed in the document,
it i$ even stated that the authors believe some chromates

do pose greater carcinogenic risk than others. In general

they express agreement that intermediately soluble

ccmpounds such as calcium, strontium., and zinc chromates

DOSe a greater carcinogenic risk than aquecusly soluble

materials. It seems totally inappropriate to us to then

lump all chromium compounds, regardless of solubility or

valence statement, into one category for risk assessment.

Any result cf such an assessment can only yield

scientifically invalid results. We are not persuaded by

_he authors' arguments attempting to justify their

approach (see pages 7-69 and7-70). We see no reason to

perform a risk assessment at all if one knows the results

will be invalid.

(e) Ex,sure Levels used in Quantitative Risk Assessment

The exposure levels used in the draft document are based

on those presented in Mancuso's 1975 paper, which are in

turn based on levels reported by Bourne and Yee in their

1950 paper. Although it is difficult to be absolutely

certain, a careful review of Mancuso's reported exposure

levels strongly suggests they were based on Figures 1-4

from the Bourne and Yee study. The exposure levels

reported in these figures represent time-weighted average

exposures for nine different departments under "normal

operating conditions." It appears that no consideration

was given to reported exposures under maintenance and

repair conditions even though such work occurred very

frequently. Thirty percent of the workforce was reported

as maintenance workers and their time-weighted average

maxim_ exposures as reported in Tabl_ 5 varied from 0.13
to 5.67 mg/m- with most over 1.0 mg/m . The minimum

exposures also listed in this table are related to "normal

operating conditions" and are similar to Figures 1-4.

Bourne and Yee state that "it was observed huge volumes of

dust were generated during the repair and cleaning of dus:

collectors, [and] process equipment or building structure

[was] overlaid with an accumulation of dust." Any risk

assessment that does not consider these frequent

excursions of much higher exposures will grossly

exaggerate the estimated risk from chromate exposure.
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Experience at Allied's Baltimore Plant in 1947, when over

2,500 industrial hygiene samples were taken, also supports

our belief that exposures were much higher than estimated

by Mancuso. The plant he studied in 1949 was similar in

operation to ours and we believe exposures were similar.

We suspect that even the "normal operating levels"

reported by Bourne and Yee represent ideal conditions at

the plant during visits by inspectors from the State of

Ohio Health Department.

If the data collected in the first half of 1949 and

reported by Bourne and Yee and Mancuso were similar in

nature to that collected by Allied in 1947, no reasonably

representative iow dose risk estimates can be derived

using simple models derived for average exposure. Based

on samples taken at _he Allied plant over a 12 month

period in 1947, monthly average samples from 39 areas
ranged from 0.01 to 50.0 m_/m hexavalent chromium

expresse_ as CrO_. The yearly average of all locations was
0.9 mg/m-. IndiVidual samples show an even greater

spread. _Also, yearly area averages ranged from 0.03 to

6.8 mg/m hexavalent chrome as CrO5 revealing large
location differences of a factor o_ more than 200 fold.

Representative exposures are difficult, if not impossible,

to derive from such data because of the order of magnitude

differences in average levels. We believe slmilar

variations occurred at _he plant s=udie_ by Mancuso and

that the real exposures also varied in a similar manner.

The extremely high levels of variation in workplace

chromium level_ and the enormously high exposure (often
over 10.0 mg/m-) that exls.ed at man}' plant locations in

the late 1940's dramatize the serious problems in

developing meaningful lo%' dose risk ex=rapolations from

average chromium levels that do not realistically

represent actual exposures.

Besides the problem of extreme variation, there is a

problem of data representativeness over time. The data
that was collected in the first half of 1949 by Bourne and

Yee and that has subsequently been used in the EPA's

chromium risk assessment estimates, cannot be considered
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epresentative of exposures for employees followed between

1931 and 1974 in the Mancuso study. Bourne and Yee point
out such deficiencies and limitations cf the data in

paragraphs 4 and 5 of their paper. _ny risk assessment

model developed from such data is ignoring the fact that

the data represents only a half year in a forty-three year
follow-up period (1931-1974) and hence ass'_mes conditions

were "static". The static assumption is also presumed

when using these types of models since there is a long lag

time between dose (chromi_ exposure) and response

(respiratory cancer). If the dose is not constant

throughout the period then a lag relationship needs to be

considered. Otherwise a biased or distorted relationship

between dose and response can result. In the case of

chromium exposures in the workplace, _he assumption of

constancy of dosage is probably the least supportable

assumption that can be made.

(f) Comparison of Predicted Risks to Real-Life Situations

While the authors of the draft document caution on pa_e

7-70 that the quantitative risk assessment should be only

used for certain chromium compounds, the fact that it is

derived without regard to solubility or valence

considerations will undoubtedly leave others to apply it

to all forms of chromium. _he inappropriateness of the

predicted risk of 1.2 x 10- at continuous exposure to
1 ug/m- for developing cancer can be illustrated by the

following two examples.

The first example is normal ingestion of chromium in the

diet which is estimated by the National Academy of

Sciences (NAS, !9SO) to be 62 ug/day in food and 17 ug/day

in drinking water for a total of 79 ug/dav.. This compares

to an intake of about 20 ug/day at 1.0 ug_m s if one

assumes the chromium is 100 perceht respirable and totally

retained and that air exchange equals 20 m_/day. From

this normal dietary intake about five percent cf the

population ought to develop lung cancer as a result of

this exposure according to the quantitative risk

assessment. If this were valid, most of the lung cancer
in the United States could be attributed to chromium

ingestion. Obviously, this is not the case as numerous
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epidemiology studies linking cigarette smoking and lung

cancer have clearly demonstrated. The only conclusion one

can reach is that the estimated risk predicted by the EPA

model does not represent reality and should, :herefore, be

disregarded.

The second example involves a study in a Swedish County

with two communities heavily polluted with chromium

compounds from ferro-alloy indus:ties. (Before discussing

the article in detail, we would like to co.r_--entthat it

seems incredible that the EPA au=hors would omi: such an

epidemiology study from its consideraticn, particularly in

a document developed for use by the Office of Air Quality

Planning and Standards). The citation for :his study is:

Axe!sson,G. and R.Rylander,

Environmental Chromium Dust and L=tg

Cancer Mortality, Environmental

Research, 23:469-476, 1980.

Two ferro-alloy industries are situated in the County

studied. Chromium air levels are reported as 0.1 to 0.4

ug/m J, which is 50-100 times higher than most other rural

areas in Sweden. The plants started operations in 1912

and 1913. The quoted exposures refer to 1976-1979, and

one could speculate that past exposures were likely to

have been even higher since air pollution ccntrol has
received considerable recent attention in Sweden.

If one assumes that the average exposure was 0.25 ug/m 3

for the communities s=udied then about 0.3% of the

populaticn would be expec:ed to suffer lung cancer as a

result of the air pollution using the resu!_s of the EPA

risk assessment estimate. While this amount of lung

cancer risk in males may no_ be enough to be statistically

discernible, it should have caused at least a 50% increase

over control groups for females. Su:h an increase was not

seen, casting serious doubt on the credibility of the risk

estimate. The study concluded that there was no excess

risk of lung cancer in the two cor_unities with higher

levels of airborne pollution frcm chromium com?ounds.
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It is our opinion that risk estimates which do not conform

to reality should be disregarded. Such is the case with

the risk estimated for chromium in the draft document.

3. Errors in Airborne Chromium Levels Reported for Baltimore

The airborne chromium levels reported for Baltimore in the summary

on page 2-2 and on pages 3-21 to 3-23 are in error. Copies of the

1977 and 1979 Maryland State Yearly Air Quality Da_a Reports,

prepared by the State Department of Health and Mental Hygiene, are

attached so that the actual levels can be verified_

3

In fact, the maximum observed value is not 2.48 ug/m , aD reported

in the draft document for 1977, but is ra_her 0.247 ug/m _ The
arithmetic average is actually 0.036 ug/m not 0.1568 ug/m3, as

reported in the draft document. For 1979 t_e data are also

incorrect _ith a maximum value of 0.31 ug/m (one value of
0.690 ug/m was disregarded according to pro:edures specified by

the Maryland Health Department when there was only one sample in a

quarterly reporting period) and an arithmetic average of 0.0468

ug/m-. These levels are more in line with reports from other

communities; however, in view of the errors noted for Baltimore,

the EPA authors should review the reported results for all

locations to verify their accuracy.

4. Allied's Epidemioloc3y Experience

This discussion supplements comments made previously in paragraphs

_1. and _2.e concerning results of epidemiology studies and

exposure measurements at Allied's Baltimore facility. Ailied's

epidemiology experience since a major process change in 1961 (a new

chromic acid plant) shows no significant excess of respiratory

cancer amon_ production workers who were first hired after this

date. One case of respiratory cancer has been reported in this

cohort and 1 to 2 cases would have been expected based on Baltimore

City cancer incidence rates. Although five to ten more years of

follow-up are desired to improve the power of the statistical test,

there is no evidence of excess risk in the Allied production

workers whose initial employment at the chromium facility accurred

in the past 21-3/4 years based upon the Hayes et al. study on these

workers through mid-1977 and our review of Company records on

active employees and retirees through September 19S3.
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Major process changes in 1951 (a new bichromate plant) and in 1961

(a new continuous chromic acid plant) have led to significant

reductions in the average and peak chromium exposures at the Allied

plant. These reductions correlate wi=h no apparent respiratory

cancer excess risk in production workers hired after 1961.

From samples collected in 1961 an_ 1962, the plant average level

was estimated to be .07 mg CrO3/M or a factor of at least 10 below
the levels in 1947. The area averages ranged from .01 to .5 mg

CrO3/M-. These _ere followed by further reductions to an average

of .02 mg CrO_/M- as evidenced in 1968 and also in the period

1976-1978. A_ea average readiggs typically ranged from

nondetectable :o .14 mg CrO_/M in the3Years 1976-1978. During

this period, the value of .I mg CrO3/M was only exceeded on the
average in 4 of the 154 sampling areas (3%) where the worker

density per workday was approximately ! person for the four areas

combined or .3% of the workforce. This contrasts with 30 of 39

sampling areas (77%) exceeding .1 mg CrO3/M during 1947.

AS seen above, over the past three and one half decades ma3or

changes have occurred in the average chromium exposure levels as

well as in the size and number of extreme exposures.

In addition to the changes in dust levels of chromates, we believe

the changes in the Chromic Acid Plant in 1961 may have had a major

effect on the excess risk of lung cancer that previously was

associated with work in that area. Both internal Company

observations as well as the Hayes study identified the En_ Products

area as having the highest lung cancer risk. Chromic acid is
manufactured in this area and is sometimes referred to in our

comments as the Chromic Acid Plant.

Prior to 1961, chromic acid was produced in batches. This method

of production was accompanied by the production and evolution of

large but unguantified levels of chromyl chloride in the workplace.

Contamination of Soda Ash by salt used in the roasting of chromite

ore resulted in chloride contamination of product streams. The

chromate streams with the greatest contamination of 'chloride were

directed to the Chromic Acid Plant where the chloride was removed

essentially by boiling it off as chromyl chloride.
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We speculate that chromyl chloride may have been the major factor

for the observed greater risk of lung cancer among workers in the

old (pre-1961) Chromic Acid Plant. Since chromyl chloride was

present as a vapor it might well be able to more easily penetrate

the non-dividing layer of epithelial cells lining the lower

respiratory tract than other chromates and once in contact with

dividing cells exert a carcinogenic action. Another possibility is

that chromyl chloride might have a carcinogenic action independent

of the fact that it is a hexavalent chromium compound. In the

attached article on the Chemistry of Chromyl Compounds by W. H.

Hartford and M. Davrin, reaction of chromyl chloride with organic

compounds resulting in chlorinated adducts is described. If such

reactions occurred within DNA molecules a carcinogenic mechanism

different from that of other chromates is possible.

Changes in the chromic acid manufacturing plant in 1961 eliminated

chromyl chloride exposures. As previously discussed in paragraph

#1 and earlier in this paragraph, no excess lung cancer has been
observed at our Baltimore Plant since this time.

5. Systemic Toxicity of Chromates

Discussion of this subject on pages 7-1 and 7-140 to 7-143 do not

cover the known acute toxicity of chromates very well. Acute renal

failure is the predominant finding following either accidental

ingestion or cutaneous exposure to chromates (typically in

conjunction with a thermal or acid burn). A few recent literature

citations are provided so the authors of the document may improve
this section.

(a) Schiffl, H., P. Weidmann, M. Weiss, and S. G.

Massry, Dialysis Treatment of Acute Chrcmi=_

Intoxication and Comparative Efficacy of Peritoneal

versus Hemodialysis in Chromium Removal, Mineral

Electrolyte Metabolism, 7: 28-35,1982.
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(b) Ellis, E.N., B. H. Brouhard, R. E. Lynch, E. B. Dawson, R.

Tisdell, M. M. Nichols, F. Ramirez, Effects of

Hemodialysis and Dimercaprol in Acute Dichrcmate

Poisoning. J. Toxicol: Clin Toxico! 19: 249-258,

1982.

(c) Leonard, L.G., J. J. Scheulen, A.M. Munster, Chemical

Burns: Effects of Prompt First Aid. The Journal of

Trauma, 22: 420-423, 1982.

(d) Korallus, U. C., Harzdorf, and j. Lewalter, The

Experimental Bases for Ascorbic Acid Therapy of

Poisoning by Hexavalent Chromium Compounds.

_nternational Archieves of Occupational and

Environmental Health (in press) - prepublica=ion

copy a=tached.

In addition to the above references, Allied's Depart_hen: of

Toxicology has recently completed an animal s_udy den_nstra_ing the

efficacy of ascorbic acid in the treatment of acute dichromane

exposures.

Acute accidental exposures to chromates can produce serious and

sometimes fa=al kidney failure. Conversely _here does not appear

to be a similar chronic effect. Mortality studies have not

identified chronic renal disease, nor has renal damage been seen in

lifetime carcinogenesis animal bioassays. Clinical testing of

employee groups has also not demons:fa:ed chronic renal problems.

This has been Allied's experience in its medical exaur,inatiDns and

is the result reported in the paper by Sa:oh et al.

6. Epidemiology Study of Ferrochromium Industr_

The remarks on page 7-64 of the document referring :o a study of

ferrochromium industry employees in Sweden by Axetsson et al (1950)

are an incorrect interpretation of :he data reviewed on page 7-63.

Although the negative results of this study are correctly reported

by the EPA authors, their comment that "because of =ke confounding

due to smoking and exposure to asbestos, no definite conclusions

can be drawn from this study." is incorrect. In fact, any

confounding from these two variables was in the direc=ion of an

increased risk of lung cancer amon_ exposed workers. This type cf
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confounding in a negative study only strengthens the conclusion
that there was no association between work in the Swedish

ferrochromium industry and lung cancer.

The subsequent comment in the suer.mary on pages 7-64 and 7-65, that

two studies of the ferrochromi_m industry reported an increased

risk of lung cancer mortality is obviously inaccurate.

7. Summary

Allied Corporation would hope that this document would receive

extensive and careful revision before approval by the EPA's

Scientific Advisory Board. Errors in fact, and editorial

inconsistencies need to be corrected. The review of the literature

needs to be expanded in many areas -- a number cf citations are

provided in our comments to assist %'ith this effort. The views

expressed by Allied as well as those of the Industrial Health

Foundation's Chromium Chemicals Environmental Health and Safety

Com_nittee need to be seriously addressed, particularly as they

relate to interpretation of epidemiology studies and the

inappropriateness of mathematical models to assess low exposure

cancer risks. Finally, the results of the Industrial Health

Foundation's lifetime intratracheal study needs to be considered

along with more recent mutagenicity studies that provide

substantial evidence for a threshold of chromate carcinogenicity.

Director-Medical Services

Chemical Sector

Allied Corporation

JAH/hmw

Enclosures

CC: Distribution List
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Diamond Shamrock T.R. EvansResearchCenter

October 5, 1983

Project Officer for Chromium
Environmental Criteria and Assessment Office (MD-52)

U.S. Environmental Protection Agency

Research Triangle Park, N.C. 27711

Dear Sir:

The Chromium Chemicals Environmental Health and Safety Committee of

International Health Foundation appreciates the opportunity to comment on
the draft Health Assessment Document for Chromium (EPA 600/ 8-83-O1_A

Ouly 1983). The time period allowed for review of the document has
limited our initial comments to the Summary and Conclusions Section, and

the Cancer Assessment Group estimated lifetime cancer risk. We feel the
Summary and Conclusions Section will be widely read and will be the basis

for decisions made concerning possible chrome regulations at the Federal
and local levels. The estimated lifetime cancer risk will also be an

important factor in possible regulatory action; therefore these sections
have been the major focal point of our present review. Although a

line-by-line critique was not possible at this time, the committee will
submit further comments and additional information in the future. %e

have requested an extension of the comment period so as to permit input

from studies just completed and to allow time for comments from European
members of the committee.

Our conclusion is that studies of the 3hrome industry and recent animal

studies show that exposure to high levels of chromium are of concern to
human health, but ambient levels of chromium do not pose a concern for

human health or the environment. Further, the data does not support the

theory of linear extrapolation from high to low levels of exposure, thus

the assessment of carcinogenic risk is inappropriate as applied to
chrome.

2. Summary and Conclusions

General: The Summary and Conclusions section ineffectively summarizes

the main text of the document and the section does not present any
conclusions. The organization of the total document Is poor in that

certain sections and even subsections of the main body contain summaries

and conclusions, the contents of which are not represented in this

overall Summary and Conclusions section. The organization of the head-

ings in this section does not follow the main document and makes little
sense.

For example: 2.3 Biological Significance and Adverse
Health Effects of Chromium

2.5 Human Health Risk Assessment of Chromium

Diamond ShamrockCorporation PO. acx 34_ P_.:neswlleOh:o44077 Phone' 216 357-3000
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It would seem that the risk assessment should be a sub-part of the

biological significance.

References to material discussed are given in some paragraphs and not in
others.

2.1 Background Information

The text should indicate that Cr (O) as well as Cr (III) and Cr (VI)

states are the most stable. The word anthropogenic is good and cor-

rectly used in the document but it would be clearer to refer to man made
Sources,

2.2 Analysis of Chromium

X-ray fluorescence is only able to analyze large amounts of chrome in

compounds and would not be useful for environmental analysis.

The section should include the colormetric method using diphenylcarba-

zide. This method is widely used by industry. The method is accurate

and precise at levels of 10 ppb and greater.

2.3 Biological Significance and Adverse Health _ffects of Chromium

2.3.1 Chromium Pharmacokinetics: This subsection offers little in

understanding chrome absorption, metabolism and excretion. The di_cus-
sion does not even indicate, as does the main body of the report, that

Inhalation is an important route of exposure to chromium compounds. The

background information on particulate Inhalation is inappropriate for a
summary section. Speculation should not be included in a summary section
such as:

"Reduction of Cr (VI) to CR (III) appears to

occur rapidly in biological systems, while the
mechanism and kinetics are not completely
understood."

Z.3._ Subcellular and Cellular Aspects of Chromium Toxicity: The docu-

ment should avoid the use of Jargon, such as "critical levels" without an

explanation. The paragraph on mutagenicity neither summarizes the
studies completed nor offers any understanding of valence state or

solubility as factors in the conduct and interpretation of the results.

It is doubtful that one looking for a summary of mutagenicity or geno-
toxicity would find the materiai under this organization.

2.3.3 Systemic loxiclty of Chromium: Adds nothing to the understanding
of thls topic.
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, 2.3.3.1 Animal Data: To use the words ingestion/orally and soluble CR
(VI) solutions/chromium salts i_ one sentence does not aid the reader,

even a technically astute one, to gain an understanding of what the

document is trying to say.

"Ingestion of soluble Cr (VI) solutions can

cause local irritation but, generally chromium
salts are relatively non-toxic when adminis-

tered orally."

The main body of the document (7-2) states:

"Kidney effects are the primary result of

acute exposure to chromium by various routes."

The summary section states:

"Acute exposure (intraperitoneal) result in

kidney failure, liver, heart and brain
micropathology."

It would appear that the understanding of the experiments in demonstrat-

Ing the kidney as a target organ for acute chrome toxicity was lost on

the individuals summarizing the document.

2.3.4 Chromium Carcinogenesis: This section can be easily summarized by

stating as in the second sentence:

"Animal studies have provided sufficient

evidence for the carcinogenicity of the

following Cr (VI) compounds calcium chromate,
strontium chromate and zinc chromate."

Speculation about other forms of Cr (VI) and unfounded statements on

solubility modification of carcinogenicity does not have a place in a
summary.

Many statements in this section could be omitted, but one sentence in

particular should be deleted.

"Ct (VI) Is mutagenic in multiple tests while
the data for Cr (III) is inconclusive."

To attempt to bring a one sentence discussion of chromium mutagenicity
into the section on carcinogenicity shows a naive understanding of

proposed genotoxic mechanisms as they may apply to metals.

It is interesting to note the many references to IARC criteria (3 times

in this section). If EPA is accepting this criteria for evaluation of a

chemicals carcinogenicity, then I think it should be stated and applied
to all chemicals.
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2.3.5 Dermatological Aspects of Chromium: The section should point out

that adherence to personal hygiene practices have been shown to reduce

the industrial incidences of ulceration and have in general eliminated
chrome dermatitis.

2.4 Human Biological Monitoring: The section should clearly differ-
entiate environmental measurements from those taken in industrial set-

tings.

2.4.1 Chromium fn Blood: Reintroduces points included in the pharmaco-

kinetics section but in a much more positive manner.

Section 2.3.1 "Chromium may be absorbed via

the skin, lungs or gastrointestinal tract."

Section 2.4.1 "Chromium is absorbed through

both the respiratory tract and gastrointes-
tinal tract."

2.4.2 Chromium in Urine; 2.4.3 Chromium in Human Hair: These sections

present data but do not summarize or offer a conclusion. The presenta-

tion of values without any discussion or indication of meaning is not

placing the information in perspective.

2.5 Human Health Risk Assessment of Chromium

2.5.1 Health Effects Summary: If the CAt estimated lifetime cancer risk
i$ to be included in this document the uncertainties, as discusse_ in the

main body 7-Y7 and 7-82, must be included in the summary section.

2.5.2 Populations at Risk: This section offers nothing to be included in
a SUl-Tnary Section.

The Summary and Conclusions section is a very important part of the

Health Assessment Document. The section must represent the main body of
the document and the conclusions must be well founded in the data and

must be clearly stated. The present section does not represent the main
body of the report (for example no mention of teratology or other repro-
ductive effects), fails to include conclusions and should be redone.
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RISK ASSESSMENT

The Industrial Health Foundation's Chromium Chemicals Committee has

sponsored the conduct of an extensive program of toxicology studies on

chromates during the past five years, including studies to develop

therapies and first aid treatment for the nephrotoxlctty of accidental

poisonings and studies to characterize the acute toxicity, mutagenicity,
and carcinogenicity of chromium compounds. These last two sets of

studies have, of course, direct bearing on the question of a risk assess-
ment for chromium.

The entire issue of a risk assessment for chromium as presented in the

Health Assessment Document is one which requires extensive review and
revision. The model used for the risk assessment and the data to which

this model was applied are open to numerous questions. The agency
document itself, on pages 7-44 and 7-44a, states that both the data and

conclusions of Mancuso (the basis for the risk estimate which is pre-

sented) are of limited value, particularly in that the exposures are not
well characterized. New information now available from the IHF studies

may provide a better data base on which to base a risk assessment.

The final report and a manuscript for publication on the carcinogenicity

study are in the final stages of review. These describe the results of a

carcinogenesis bioassay of sodium bichromate and calcium chromate,

administered intratrachially in solution form. 8enzopyrene and dimethyl-

carbamoyl chloride were included as positive controls. Intratracheal

administration provided direct exposure to the lungs. Separate groups of
rats were dosed with calcium chromate or sodium dichromate at lifetime

total dose levels approximating one half the present TLV, three and

fourteen times the present TLV. To test the effect of concentration,

each total dose was administered to one group of animals either once per
week or as a divided dose to a different group of animals five times per

week. The method of administration, in a single bolus, resulted _n peak
concentrations delivered to the target tissue approximately 10 times
what would be expected from continuous exposure by inhalation. Even at

the highest tolerated doses, the frequency of tumor formation was low

compared to the positive controls; no tumors were observed within the

first 27 months of chrome administration; there was excellent survival,

and none of the tumors, which were small, caused the death of the test
animals.

Significant tumor incidences were observed only in the lu,_gs of the

highest dosage once-per-week groups and in the positive controls, there

being no lung tumors tn negative control animals. The same amount

administered five days per week did not produce any tumors. Hence, at

the maximum tolerated dose (1.25 mg/kg administered once per week),
tumorigenic effect is related to peak concentration of repeated doses

·rather than the total administered dose.

This study strongly supports the conclusion that there is a no-effect

level for chromate carcinogenesis, based on multiple physiological and

biochemical defense mechanisms. It also helps explain the progress which
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has been made over the past 35 years _,ithin the chromate-producing
Industry in control of lung cancer by advanced engineering and process

improvements, and the lack of credible evidence of abnormal Lung cancer

risk tn consuming Industries other than pigment manufacture.

Mutagenicity testing (Ames Test) has indicated that Cr (VI) compounds had

a similar mutagenic potency. Cr (VI) elicited both frameshift errors and

basepairs substitions inS. tvphimurium. CF (III) compounds were nega-
tive in Ames Tests. Cr C_) mutagenlclty was decreased by 59 fractions

from various tissues through NADPH - requiring pathways reducing Cr (VI)
to Cr (III). The findings may contribute to interpret carcinogenicity
data; for example, reduction of Cr (VI) to Cr (III) by gastric juice ts

consistent with the lack of carcinogeniclty following ingestion of
chromates (Ct VI). Also the reversal of Cr (VI) mutagenicity by ery-

throcyte lysates is consistent with Cr (VI) detoxification in the blood

and supports the finding of tumors only at implant sites. Since Cr (III)
is trapped by cytoplasmic ligands, this may also indicate an intracellu-
lar detoxicatton mechanism; that is, a barrier affecting the ability of

Cr (VI) to enter the nucleus and then to interact with DNA (probably as
Cr III).

In view of this information, the following points about the risk assess-

ment presented in the agency's document need to be addressed.

1) Chromium is an essential dietary component for man, ,ith an estimat-

ed adequate and safe Intake (EASI) and recommended daily allowance

(RDA) of 200 micrograms per day. The level _f intake for _hich the
agency is here proposing a risk of 1.Z x 10- of cancer ks only 10%
of this EASI/RDA.

2) The linear extrapoiatton model utilized, and in fact, any pure

linear model is inappropriate. The model ;s not one of the agency's
"standard" models and even though used by the agency for arsenic, it

is not a generally accepted total body burden model.

3) Further the model used projects a risk based on total chromium

exposure, not on exposure to hexavalent chromium. Hexavalent

chromium is now generally accepted to be the source of concern. The

extensive mutagenicity data base developed under the sponsorship of
the IHF also supports the view that it is hexavalent chromium, at

high local concentrations, which must be viewed with concern.

4) The original data base the agency's estimates are based on is not
accurate. The base does not differentiate in exposures between the

different valence states of chromium, just as importantly, it does

not in any manner account or allow for the episodic high exposures

of workers to chromium which did occur .in the older plants. The

resulting predicted risk of 1.2 x 10'z incidences of cancer per
ug/m _ of total chromium is contrary to observed lung cancer inci-
dence levels.

_ _r' L mi. '.....
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5) One microgram of chromium per cubic meter of air equals 20 ug/day in
the average man, or a total of approximately 300 ug per year and

about 36.5 mo over the course of fifty _ears. In a seventy kilogram

"standard" man this amounts to O.521 rog/kg. The high dose in the

final intratracheal study ._s equivalent to 541.7 mg/kg over the
course of the st,JOy, or 10 times greater total exposure. Fifty
years at the EASI is equivalent to 52.14 mg/kg, or 10 times greater

exposure. The observed results from either of these situations_

occurring as doses distributed over the couse of a life time, do not

correspond at all to what the model purposed in this document ,ould
predict.

6) Using the background levels of chromium in urban areas presented in

the document, one would expect matching variations in the lung
cancer rates. The variation in mean chromium levels (page 3-4) are

30 fold, yet no corresponding variations in lung cancer incidence
has been reported.

7) Based on total body burdens of chromium and using the IHF rat

carcinogenicity study, one would expect a cancer rate in the high

dose, once a _eek exposure group (the worst case from the intra-

tracheal study) some 10-20 times higher than was found. In addi-

tion, one would expect significantly greater tumor incidence levels
in all of the groups in the study. Every group would have been

expected to sho, a significant incidence of tumors.

In summary, based on the IMF rat study data, and other recent epidemi-

ology data (Franchinl, et al, Scand J Work Environ Health 9 (1983)
247-252) a linear model i_i_ppropriate. However, using the EPA linear

model with the IHF _at data (lx per week) an upper bound risk of approxi-
mately 6.75 x 10---was calculated. An appropriate model should not
hinderer be based on total chromium but rather ¢n hexavalent chromium.

Members of the Chromium Chemicals Environmental Health and Safety Commit-

tee would like to expand on the points of concern with the H_D as indi-
cated in this letter and further would like to share the data of the

several studies recently completed. Copies of completed reports will be

submitted to the project officer by the end of 1983. The Committee would

be prepared to present and discuss the results of these reports and other

new data with appropriate agency people as soon as a meeting can be

arranged.
t

Sincerely,

_. d5
'_ David M. Serrone, Ph.D.
5_ for the Chromium Chemicals

Environmental Health and

!_ Safety Committee

'<, DHS/dlg / 9.1 3

_,:,



ATTACH;,_E_;T Y

Ambient Chromium Concentrations and
Emission Trends

, o

Data from the U.S. EPA's National Aerometr_c Data Bank show mean
concentrations of total chromium between 0 (below detectable limit) and 29.9
ng/m3, with 68 percent (59 of 87) of the means falling above 4 ng/m3.
This data represents total particulate chromium 50 um and smaller Collected
from ambient air at sites throughout California from 1965 to 1983.

Data on total chromium in particulate matter 10 um and smaller, collected
at ten sites throughout the state by the ARB in 1983 and 1984, show mean
concentrationsof chromium from 1.6 to 14.9 ng/m3. At most (7 of 8) of the
urban sites, mean chromium concentrations fell between 3.0 and 4.2-ng/m2.

The contribution of the various uses of chromium compounds in California
to the presence of chromium in the ambient air is currently being investigated

'' by ARB staff. Chromium compounds are used in chrome plating, refractory brick
production, glass manufacture, wood preservatives, paint pigments, and cooling
towers as anticorrosion agents. Other potential sources of chromium in air
are emissions from fuel combustion, sewage sludge incineration, refractory
brick wear from the glass, cement and secondary steel production furnaces, and
entrainment of chromite-bearing sbil.

National consumption of chromium has decreased steadily due to continued
weak demand for steel and reduced need for refractory materials. Whether this
trend is reflected in California is uncertain; primary steel production
facilities do not exist in this state.



i State of California Department of Health Services
'Aernorandum

: James D. Boyd Dote : FEB 2 5 1985
Executive Office

Air Resources Board Subject:Health Effects
1102Q Street Chromium(CR)
B-4

From : Office of the Director /' "'
714PStreet,Room!253
B-1248

4]t_achedis the document prepared in response to your memo requesting the
assistance of the Department of Health Services in evaluating the health
effects of chromium (CR).

!

Stanley buDansK1
Director

Attachment

cc: C. Berryhill
G. Duffy
Assemblywcman Tanner
P. Venturini
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State of Callfornia Department of Health Services

Memorandum

To · WilliamV. Loscutoff,Chief Date : September 18, 1985
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1102Q Street EvaluationDocument
B-4

From · PublicHealth
8/1253 5-2927

Attached please find the revised chromium health evaluation document to be
sent to the Science Review Panel.

/

MarideeGregory,M.D.
Acting Deputy Director
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APPENDIX C

DISCUSSION OF EMISSION ESTI_dNTES

1. Chrome Plating Emissions

A. Emission Factors

Emission factors were derived based on data presented in the Naval

Shipyard Study,1-/ from information provided by industry representatives, and

using certain assumptions.

Emission factors were calculated as follows:

Emfac : Ei/Si (1)

Where:

Emfac = Emission factor, lb/hr, ft.2

Ei : Emission rate of the ith tank, lb/hr.

Si = Surface area of the ith tank, ft.2

Emission rate of the it tank is calculated according to equation 2 below:

n

Ei : ET * (Si/_ (Sifi))* fi (2)
i=l

Where:

ET : Total emission rate for each test, lb/hr.

fi : Fractional current density applied in the ith tank, unitless (for

hard chrome, fi --1.O, for decorative, fi : 0.4).

For uncontrolled emission factors, emission rates, Ei's were calculated

from the emission rates at the inlet of the scrubber.. The emission rates at

the outlet of the scrubber were used to calculate the controlled emission

factors.

The emission rates and resulting emission factors are shown in the table

below:
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Emission Rate, ET Emission Factors (lb/hr.ft2
(1b./hr)l Decorative Hard

Test-Run Inlet Outlet Uncontrolled Controlled Uncontrolled Controlled

4-1 0.0674 0.00316 2.05x10-4 9.60xl0-6 5.12x10-4 2.40x10-5
4-2 0.0338 0.00534 1.03xlO-4 1.62xlO-5 2.56x10-4 4.05x10-5
4-3 0.171 0.00215 5.20x10-4 6.53x10'6 1.30xlO-3 1.64x10-5
4-4 0.0629 0.00592 1.94x10-4 1.80xlO-5 4.85x10-4 4.50x10-5

Ave. 0.0840 0.00414 2.56x10-4 1.26x10-5 6.37x10-4 3.15x10-5
sd 0.0599 0.00178 1.82x10-4 5.41xlO-6 4.54x10'4 1.35x10-5

B. Estimates of Emissions

An average size chromic acid tank used in chrome plating has been

estimated by an industry association representative to be about 1,O00 gallons

with the dimensions of 12 feet long, 4 feet wide and 3 feet deep._/ The

number of these tanks used by each company is estimated to range from at least

one, to four. The Long Beach Naval Shipyard has four chrome plating tanks and

was assumed to have the most number of chromic acid tanks per plater. For

calculation purposes, it was assumed that the platers used an average of 1.5

tanks for chrome plating.

Using the estimated number of chrome platers (400 platers) in California

and an industry association estimate_3/that three-fourths of chromium used

for plating is used for for hard chrome, and one-fourth for decorative chrome,

the surface area, S's are calculated as follows:

Average surface area per plater = 1.5 tanks (12'x4') : 72 ft2

Hard chrome:

SHard = (400 platers)(3/4)(72 ft2/plater) = 21,600 ft2

Decorative chrome:

SDecorative : (400 platers)(1/4)(72 ft2/plater) = 7,200 ft2

C-2



Emissions were calculated assuming that on the average chrome plating is

done 8 hours per day, 250 days per year. Emissions from chrome platers are

tabulated below:

Hexaval ent Chromium
Emissions (tons/year)

Control1ed Uncontrol1ed

HardChrome 0.68 13.8
DecorativeChrome 0.09 1.8

Total O.77 15.6

NOTE: The controlled emissions were calculated based on an average scrubber

efficiency of 92 percent as reported in the Naval Shipyard Studyl_7 The
figures presented here for controlled emissions represent estimates based on
technically achievable control efficiencies, and not on control efficiencies
observed in the industry. On the average, we would expect lower than 92
percent control efficiency for typical wet scrubbers.

2. Cooling Towers Emissions

Chromium emissions from cooling towers were estimateo using two sources

of information. Method 1 is based on a survey conducted by SA1-5/on

emissions from cooling towers in California. Method 2 is based on information

from a Radian report_4/ on the national population exposure to ambient

chromium emissions. Both methods divide cooling towers into two groups,

industrial and those associated with electrical power plants (utilities).

This division is maintained in the following summary of methods used to

calculate chromium emissions.

Where upper and lower estimates are given, the lower estimate was

determined by using the lowest reported values for each parameter in an

equation and the highest reported value was used for the upper estimate.
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Method 1:

Based on an SAI report_5/, equation (1) was used to estimate chromium

emission from cooling towers. The fraction of cooling towers using chromates,

the concentration of chromium in the cooling tower water and the circulating

water flow rate were determine from a survey of utilities and industry.

Cr.Ems= C1* F * Q * Df* CCr (3)

Where:

Cr. Ems : tons per year

Cf = units conversion factor (0.563 ton/min/year. M3)

F = fraction of cooling towers using chromates

Q : Circulating water flowrate in cubic meters per minute

Df = Fraction of circulating water lost to the atmopshere (drift
fraction )

CCr = Weight fraction of chromium in circulating water in parts per
mi 11 ion

To calculate the conversion factor, it was assumed that cooling towers

operated 24 hours per day, 355 days per year. Ten days were allowed for

maintenance or holiday stoppage. The drift losses, Df, reported ranged from

lO'5 to lO-4 gallons lost per gallon of circulating water. The

concentration of chromium in the circulating water varied from 15.5 ppm to

16.1 ppm by weight. The fraction of all cooling towers, F, reported to be

usingchromates was O.191. Using the above values, equation (1) can be

simplified to yield the following equations for lower and upper estimates:

Lower estimate Ct. Ems = 1.67 x 10-5 Q1 (4)

Upperestimate Ct.Ems: 1.73x lO-4 Qu (5)

C-4



The average circulating water flow rate was different for industrial and

utilities cooling towers and was determined separately as follows:

a) Utility Cooling Towers

The total circulating water flow rate was estimated to be 7,670

M3/minute for cooling towers associated with electrical power plants in

California.m/ This does not include the Geysers, Magnolia, Olive or the

Grayson plants (chromium emissions of these plants are negligible as

calculated by Rogozen). Using equations (2) and (3), the contribution of

chromium emissions from utility cooling towers is estimated to range from 0.12

ton to 1.3 tons per year.

b) Industrial Cooling Towers

SAI estimated that there are between 874 and 1,887 cooling towers in use

in California. Of this total, it was reported that 392 towers had a total

circulation rate of 2,960 M3/min or an average circulation rate of 7.55

M3/min tower.m/ Using the average circulation rate and the estimates for

the number of towers in California, upper and lower estimates for the total

amount of water circulating in towers, Q, can be calculated.

Lower estimate Q1 : 7.55 M3/min tower (874 tower) : 6600 M3/min

Upper Estimate Qu = 7.55 M3/min tower (1,887 tower) : 14250 M3/min

Substituting the appropriate values into equations (2) and (3) gives a

range of estimates emissions from 0.11 ton to 2.5 tons per year of chromium

for industrial cooling towers. Adding the upper and lower estimates for both

utilities and industrial towers gives the following estimate for the total

emission rate:
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Lower Upper
Estimate Estimate Average

Utilities 0.12 1.3 0.7
Industrial O.11 2.5 1.3

TotalChromiumEmissions 0.23 3.8 2.0
(tons/year)

Method 2:

This method uses estimates from a Radian report-4/on chromium emissions

from cooling towers and some values from the SAI report. Equation (6) was

used to calculate chromium emissions.

CrEms--C2 * F * Dw * CCr (6)

Where:

C2 : Units concersion factor (4.2 x lO-9 ton/gallon)

F : The fraction of cooling towers using chromates

Dw = The amount of water lost to drift

CCr = The concentration by weight of chromium in the circulating water

Because the Radian report estimated emissions nationwiOe, equation (6)

was changed to include a correction factor for the number of towers in

California compared to the nation. It was assumed the fraction of towers in

California was the same as the fraction of the population in California.

Thus, equation (5} was used for the California estimates.

·Dw* (7)Cr. Ems --C2 _ F * Fp Ccr

Where:

Fp --The fraction of the population in California
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The fraction of the population in California is approxiately O.lO. The

fraction of cooling towers using chromate, F, was taken from Method 1.

Because the chromium concentration, CCr , usea in the Radian report was not

specific to the measured concentration in California cooling towers, an

average of chromium concentration of 15.8 ppm from method 1 was used in the

method 2 equation. The water lost to drift nationwide in 1983 was estimated

to be 1.436 x 109 gallons per year for industry and 2.656 x lO9 gallons

per year for utilities. Using the above values in equation (7) gives:

Industry estimate:

Cr. Ems : (4.2 x 10-9 ton/gal)(O.lO)(O.191)(1.436 x 109 gal/yr)

(15.8 ppm)

= 1.8 tons/year

Utilities estimate:

Cr. Ems : (4.2 x 10-9 ton/gal)(O.lO)(O.191)(2.65 x 109 gal/yr)

(15.8 ppm)

: 3.4 tons/year

The Radian report4/ also included a second estimate for the water lost

from utility cooling towers. This second method estimates the drift based on

the amount of water needed for cooling per kilo-watt-hour of power produced.

The estimate for Dw from this approach is 5.82 x lO9 gallons per year

nationwi de.

Using equation 5 the estimates for utility emissions is

(Cr. Ems : (4.2 x 10-9 ton/gal)(O.lO)(O.191)(5.83 x lO9 gal/yr)

(15.8 ppm)

= 7.4 tons/year
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Using the two estimates for utility emissions, an upper ana lower

estimate can be determined.

Lower Upper
Estimate Estimate Average

Utilities 1.8 1.8 1.8
Industrial 3.4 7.4 5.4

HexavalentChromium 5.2 9.2 7.2
Emissions (tons/year)

Because there was no reason to select either method 1 or 2 as the "best"

estimate, results from both methods were used for the report.

The estimate for the average chromium emissions from cooling towers was

the average of the methods 1 and 2 estimate or (2.0 + 7.2)/2 : 4.6 tons/year.

The possible upper and lower estimates were taken to be the highest and the

lowest estimate determined by either method or 0.23 tons per year from method

one and 9.2 tons per year from method two.

3. Waste Incineration Emissions

Chromium emission factors are usually presented as a weight percent of

the particulate matter (PM) emissions. The chromium content of PM is highly

dependent on the amount of chromium in the waste being burned. Unfortunately,

the chromium content of waste is usually not known and an average emission

factor has to be applied to the PM emissions.

A review of six reports indicates that the percent chromium in PM

emissions can range from 0.017 percent to 0.13 percent with an average for

refuse and/or slude incinerators of 0.058 percent.6'7'8'g'11/ The total PM

emissions form refuse/sludge incineration in 1981 was estimated to be 126.2

tons.10/
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Using the above numbers, the estimates for chromium emissions are:

Lowerestimate Cr. Ems : (0.017)(126.2tons) : 0.021 tons/year
-100

Upperestimate Cr. Ems = (0.13)(126.2tons) = 0.16 tons/year
100

Average Cr. Ems = (0.U58)(126.2tons) = 0.074 tons/year
-lO0

4. Residual Oil Combustion:

In 1981, 85.5 million barrels of residual oil were burned within

California which resulted in an estimate of 18,300 tons of particulate matter

(PM) being released to the atmosphere. Of this oil use, the electric utility

industry consumed for 45.0 million barrels and released 9,000 tons of PM

12/emissions.--

In 1983, electric utilities in California consumed 10.4 million barrels

of residualoil13/ which are estimatedto emit 2,080 tons of PM.

All other sections, except electric utilities, are estimated to consume

38.8millionbarrelsof residualoil and emit 8,730 tons of pM14/;the total

California consumption of residual oil and its PM emissions in 1983 would be

49.2 million barrels (10.4 P_lbbl+ 38.8 MMbbl) and 10,800 tons (8,730 tons +

2,080 tons) of PM emissions, respectively.

Chromium emissions based on residual oil combustion are estimates as

fol 1ow:

Cr Ems : (8.47x lO6 tons/yr)(1.2x lO-3 lb.Cr/tonoil)1__55/

(ton/2,000lb) --5.1 tons
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In another method, chromium emissions are calculated as a fraction of PM

emissions. The emission factor was calculated based on tests using #6 fuel

oil. The calculation is presented below:

Cr Ems :(10,800 tons PM/yr){1.85 x 10-3 ton Cr/ton PM)_/

--20 tons
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Procedure for the Sampling and Analysis
of

Atmospheric Total Chromium, Lead, Manganese and Nickel
Method 105

1. Introduction

1.1 This procedure describes a method of sampling and analyzing
atmospheric concentrations of total chromium (Cr), lead (Pb),
manganese (Mn) and nickel (Ni).

1.2 Normal concentrations of total chromium usually are about
0.007 lJg/M3;lead usually is about 0.2 _g/M3; manganese is about
0.01 pg/Mj and nickel is about 0.005 lJg/M3.

1.3 With a sample volume of 24 cubic meter§, the lower detectable
limit for Cr, Mn, and Ni is 0.002 ug/M_, while the lower detectable
limit for Pb is 0.005 Pg/M3.

2. Method

2.1 A low-volume sampler is used to collect ambient suspended
particulates containing total chromium, lead, manganese and nickel
in air parcels.

2.2 A measured volume of air passes through a Teflon filter where
particulates are collected.

2.3 The procedure and apparatus for low-volume sampling is described
in Appendix C, "Procedure for Lo-Volume Sampling."

2.4 The Teflon filter is removed from the sampler and returned to the
laboratory for elemental measurement by X-ray fluorescence (XRF) .
analysis:

2.4.1 The sample is irradiated with X-rays, which knock out inner-shell
electrons.

2.4.2 When the inner-shell vacancies are filled by valence electrons,
the excess energy may be released in the form of (fluorescent)
X-rays whose energies are characteristic of the atom from which
they originate.

2.4.3 Both the number and characteristic atomic energies of the fluorescent
X-rays are measured by a solid-state detector.

2.4.4 The XRF simultaneously measures concentrations of most elements,
including Cr, Pb, Mn, and Ni, at the nanogram to microgram level.
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3. Apparatus

3.1 The XRF analyzer consists of the following:

3.1.1 A sample holder which contains an X-ray tube, detector, preamplifier
and liquid nitrogen trap.

3.1.2 An_lifier

3.1.3 Multichannel analyzer

3.1.4 Buffer unit

3.1.5 Calculator with printer

3.1.6 The buffer unit and calculator can be replaced by a computer.

3.1.7 A separate unit houses the X-ray tube power supply and control.

3.2 Figure 3.2 is a block diagram of the instrumentation employed. The
detector is sold-state, lithium-drifted silicon. Its resolution is
about 150 electron volt (eV) full width half maximum (FWHM) at an
X-ray energy of 2.3 KeV; its resolution decreases with increasing
X-ray energy. The multichannel analyzer sorts the pulses from the
an_lifier into channels according to the energy of the pulse, which
is proportional to the energy of its parent X-ray. It may be used
to process the spectrum in a number of ways. The buffer stores
pulses from the analyzer and feeds them into the calculator at an
acceptable rate. The calculator is programmable; its program
substracts the background of the raw spectrum, removes contributions
from secondary X-rays, calculates net atmospheric concentrations and
sends them to the printer.

4. Procedure

4.1 The san!_leis placed in the X-ray sample holder where a molybdenum
X-ray tube irradiates the sample.

4.2 The resulting fluorescent X-rays are detected and converted into
electrical pulses, amplified, and sent into a multi-channel analyzer,

4.3 After a scan is completed, the pulses are converted into elemental
concentrations of Cr, Pb, Mn, and Ni and the results are typed out
automatically on the printer.

5. CalculatiOhS

5.1 Elemental concentrations are obtained assuming a proportionality
between net counts and concentration; the proportionality constant
is obtained from calibration standards, stored in cassette types
and entered into the Tektronix 31 calculator.

5.2 The standards are thin films obtained from _matter Company or dried _ -
solutions on filters obtained .from Columbia Scientific Industries.
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5.3 Fluorescent count rates from these standards are proportional
to elemental concentrations of Cr, Pb, Mn and Ni expressed in
micrograms per cm2.

6. Critiques and Comments

6.1 Molybdenum L X-rays were chosen to maximize count rates from
elements which fluoresced in the region between 5 and 12 KeV,
particularly manganese and lead. The molybdenum L X-rays near
the sulfur K region were absorbed using two thicknesses of
Whatman 41 filter paper.

6.2 X-ray fluorescence analysis is a rapid, non-destructive analytical
method.
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Figure 3.2
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ADDLUO6

METHOD FOR THE SPECIATION AN:) A.'IALYSISOF

HEXAVALENT CHROHIUN AT ANBIENT ATNOS?HERIC LEVELS

1. SCOPE

This document describes the dete_dnation of chromium +6 in aqueous Nledia

after sampling a_lbient air. The _letnod has been tailored to coricentra-

tions which would be expected in ambient air. Although the procedure

described is known to co_iplex other metal ions, the procedure has not been

validated for any hletal species other :nan i,exavalent chromium.

2. SUIt_ARY OF I,iETHOD

If sampling is perfonaed by aqueous impinger, she water may be treated

directly. If sampling by low volume filter, the filter is adaed to 1db ml

of _¢ater and the complexation procedure carried out in the presence of the

filter.

The aqueous solution is buffere0 to pH 7 ans an aqueous solution of APDC

added. After mixing, the solution is filtereo through a aisposable

cartridge containing Ci_-bonded silica gel. The complex is absorbed

onto the gel. The water, remaining ions, and uncor._plexeOAPDC are passed

through into a filtering flask and discarded. The absorbed Cr+6-complex

is desorbeo with acetone, the acetone evapc_ased, and the resultant

residue diluted to 1.u _,_lwith 1U_ nitric a:io in waser.
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This solution is then analyzed by flameless arch:lcabsorption spectro-

photometry (FAAS) for chromium.

3. LIHITATIQtlS AND INTERFERENCES

3.1 The concentration ranges expected for Cr+6 in ambient air {1-5

ng/m3) require that extreme care must be taken to insure that

glassware and reagents do not contribu:e to the measured levels.

Blanks must be analyzed with every batch of samples.

3.2 Trivalent chromium at levels ten times the Cr+6 concentration does

not interfere in the method. Iron (Fe+3) does not interfere, except

that excess ferric ion will compete with Cr+6 for available complex-

ing agent. This effect has been minimized by performing the

complexation step at pH 7. The other metals Known to form APDC

complexes at pH 7 (copper and cobalt) co not occur at sufficiently

high levels to deplete the complexing agent.

3.3 Matrix effects have been reduced or eliminated by the extraction of

the complex into an organic solvent ano matching the final aqueous

diluent to the lO% nitric acid solution used for diluting standards.

4. APPARATUS

4.1 Varian Hodel 375 Atomic Absorption Spectropnoto_aeterequipped _vit_a

CRA-90 flameless accessory and strip chart recorder.
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4.2 Vacuum filtering apparatus equipped wi_q Sep-Pak C18 cartridge

adaptor and teflon tubing.

4.3 micro-Snyder concentrator, 5 ml capaci_:_.

4.4 Sep-Pak cartridge: Waters Assoc. _51_iu. Prepare cartridge for use

by first filterir_g5 ml cf methanol through it, then _ashing with l0

ml distilled water.

5. REAGENTS

5.1 Nitric acid, Ultrex grade.

5.2 Stock standard,250 mg/l: Dissolve 141.4 mg K2Cr20? in 10%

nitric acid solution and dilute to 200 n,1 in a volumetric flask. 1

ml= 0.25 mg Cr+6.

5.3 Intermediatestandard,0.5 rog/l: Dilute 100 ul of the stock standard

in 5U ml of 10% nitric acid in a volumetric flask. 1 ml : 0.5 ug

Cr+6.

5.4 Working standard: Dilute 2.U, 4.0, 8._, i2.U ml in lbb ml of 10%

nitric acid. These correspondto lO ns/ml, 2U ng/ml,40 ng/nll,and

60 ng/ml Cr+6. Preparev_orkingstandardsdaily.

5.5 Buffer, pH 7: 0.05 N KH2PO4/NaOHbuffer,FisherScientific.
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5.6 APDC solution: Dissolve 3 gms ammoniur_ pyrrolidine dithiocarbamate

in lO0 ml distilled water. Filter the solution through a glass fiber

to remove the insoluble sediment, The resultant solution will be a

clear yellow, Filter entire lO0 nilthrough a prepared Sep-Pak C18

cartridge. The resultant solution will be colorless.

6. INSTRUMENT CALIBRATION

6.1 Prepare instrument for the flameless analysis of chromium. Insure

that the carbon tube is properly aligned.

6.2 Inject lO ul of 10% nitric acid solution. Start CRA-BO _leating

cycle. Auto zero the data system using this value. The absorbance

value should be no more than O.b05,

6.3 Inject lO ul of 60 ng/ml standard. After the analysis, calibrate the

data system to 60 ng/ml. Repeat Step 6.2 to insure that the system

reads 0.0.

6.4 Inject l0 ul of 6U ng/ml standard twice more. Recali_rate if values

differ from 60 ng/ml by more than +15%.

6.5 Inject 10 ul of 40 ng/ml, 2U ng/ml, and l0 ng/ml standards in

triplicate. Determine the least squares fit of the resultant data;

the analysis must result in a slope of l.bO + 15%. This calibration

procedure must be performed weekly.

-4-



6.6 The blank and uO ng/ml standard must be analyzed at least every ten

sampl es.

7. SAI.1PLEANALYSIS

?.l If the sample nas been taken using a 37 mm glass fiber or teflon

filter, place the filter in a 125 ml glass stoppered flask, add 100

ml deionized _ater, 2 ml of pH 7 buffer, and 1 ml of APDC solution.

Place on horizontal shaker for 30 minutes.

7.2 If sample has been collected in a liquid i,,npinger,add 2 ml/1OO ml

solution pH 7 buffer; mix well, and then add 1 ml/lO0 ml solution

APDC solution. Nix well.

7.3 Aspirate aqueous solution through a prepared Sep-Pak C18 cartridge.

7.4 Using a lO ml syringe, desorb the trapped Cr+6-APDC complex with 5 ml

acetone directly into a micro-Snyder concentrator.

?.5 Using a hot t_aterbath (more than 80°C), concentrate the acetone

solution to dryness. Note: There ttill be a sr,lallliquid residual,

mostly residual water. As much acetone must be removed as possible,

since it causes problems during the analysis step.

7.6 While hot, add O.1 ml concentrated Ultrex nitric acid (2 drops); let

cool.
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7.7 Add deionized water to tilemicro-Snyder receiver and quantitatively

transfer the solution to a 1.O ml volumetric flask. Dilute to 1.O ml.

7.B Inject l0 ul of the concentrate in triplicate for analysis using the

calibrated FAAS system.

7.9 Record the analysis results on the strip chart trace with identifying

laboratory identification number and dilutions, if any. Record

results and calculations in the AAS laboratory workbook. Record the

calculated concentration in nanograms/m3 on the laboratory data

sheet. The concentration may be calculated as follows:

Chromiunl+6, ng/m3 = Concentration Found, ng/ml x Dilution Factor
Volume Sampl ed, mj

8. METHOD VALIDATION

8.1 The calibration curve from l0 ng/ml to 60 ng/ml was constructed. The

results of this procedure are shown in Table I.

8.2 Deionized water was spiked with 20 ng, 40 ng, and 50 ng Cr+6. The

analysis was performed using this method with the following results:

Spike, ng Recovered*, ng % Recovery* RSD, %*

2U 14 7O 17

40 37 92 6.5

50 48 _6 ll

· Results of three spike sample analyses.
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8.3 Field spike studies have not yet been performed, results to be

submitted at a later date.

TABLE I

Chromium +6 by Flameless Atomic Absorption

Results of Standard Analysis

Concentration (ng/ml) Average Recovery, ng/ml RSD**, %

10 8._ 25

20 24.4 6.6

4O 59.0 3.2

6g (calibration) 60 7.2

** Relative Standard Deviation, n = 4

Correlation Coefficient: 0._94

Slope: 0.97B

Intercept: 1.2 ng/ml

LOD: (i + 3o) = 2.1 ng/ml (0.21 ng/m3, l0 m3 sample, but may be higher

due to sample nedia contamination).
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i. EXECUTIVE SNC,IRY

Chromium is a substance that can exist as several different chemical

species. The trivalent form (Cr(III)) and the hexavalent form (Cr(Vi))

are believed to be the biologically active species, but their health im-

pacts are not identical, in part because Cr(VI) readily penetrates

biological membranes while Cr(III) generally does not. Cr(IIl) is an es-

sential trace element while Cr(VI) compoumds are associated with cancer

induction.

Exposure to chromium in occupational settings has resulted in nasal sep-

tum perforation, respiratory irritation, and skin reactions. Ho_ever, at

current ambient chromium levels, no acute or noncarcinogenic chronic ad-

verse health effects, with the possible exception of adverse reproductive

effects, are expected to occur. Chromium has demonstrated adverse

reproductive effects, including teratogenesis in animals. However, ex-

perimental data are inadequate to assess potential human reproductive

risks from ambient exposures

Genotoxicity tests, animal cancer bioassays, and epidemiologic studies

provide evidence for a carcinogenic response to chromium exposure. All

short-term assays reported show that Cr(VI) compounds possess genotoxic

capabilities, while tests of Cr(III) compounds are generally negative or

generate positive results at much higher doses than those used in Cr(VI)

tests. Animal studies show similar findings with respect to cancer as

the outcome, i.e., the evidence for the carcinogenicity of Ct(III) is

I .



weak, bun several hexavalent chromium compounds have demonstrated statis-

?

tical!y significant increases in cancer incidence rates. No direct

inhalation animal studies have,resulted in statistically significant in-

creases in tumor incidence. Rather, the evidence from animal studies

supports carcinogenesis at the site of contact. Several epidemioiogic

studies have shown a strong high association between chromium exposure in

the workplace and respiratory cancer. However, these studies were not

designed, nor in general did their authors attempt, to systematically

identify noncarcinogenic adverse health effects or link the increased

cancer mortality to a specific form of chromium.

In reviewing the health information on chromium, the International Agency

for Research on Cancer (IA/lC) has concluded that there is sufficient

evidence to demonstrate the carcinogenicit v of chromium in both animal_

and humans. The Department of Health Services (DHS) concurs with these

findings and believes, at this time, that there are inadequate data to

confirm or refute the carcinogenic potential of trivalenu chromium. In

addition, the DHS has not found comDelling evidence demonstratin_ the ex-

istence of a thresho%d with resoect to chromium carc%no_enesis.

The staff of DHS recommends adopting the risk assessment performed by the

Environmental Protection Agency (EPA), in which a linear nonthreshold

model was applied to the epidemiologic study (Mancuso, 1975) judged to be

most methodologically sound and to contain the bes_ exposure da_a to

derive dose-response curves for hexavalent chromium. Data from animal

studies were judged to be inadequate for quantitative risk assessment by

the staff of DHS.
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One of the strengths of the DHS risk assessment is its reliance on human

?

airborne exposures, which obviates uncertainty related_to extrapolation
f

between species and from noninhalation routes of exposure. In addition,

the use of a linear nonthreshold extrapolation model yields risk es-

timates that are public health protective. Conversely, there are

limitations in the epidemiologic data which create uncertainty in the

risk assessment. Uncertainty enters the risk assessment by virtue of ex-

trapolating from high occupational exposure levels to low ambient levels,

the reliance on imprecise historical exposure levels as the basis for es-

timating potency, the lack of data differentiating between chromium

oxidation states and compound specificity, and t_e lack of contro% for

potential confounding factors (e.g., cigarette smoking).

However, making certain assumptions, it is possible to describe dose-

response curves for hexavalent chromium. Based on the results derived

from application of the linear nonthreshold model and the Mancuso data,

the staff of DHS recommends that the Air Resources Board consider the

increased lifetime carcinogenic risk from a continuous lifetime exposur_

to hexavalent chromium as falling in the range of 12 to 146 cancer case_

per nanogram hexavalent chromium per cubic meter of air oer million

people exposed (12-146 cancers/ng/m3/million). This range is illustrated

in Figure A, where the solid line represents the curve based on the EPA

assessment using total chromium as the exposure,, the dotted line is based

on the EPA assessment adjusting for the hexavalen_ chromium fraction of

the exposure, and the dashed line was generated by taking the upper limi:

of the 95% confidence interval for carcinogenic risk due to chromium and



adjusting for the hexavalen: fraction of the workplace exposure, iaere

are not, however, sufficient data from this or other epidemioiogic

studies to estimate the ris_ of specific hexavalen_c compounds for air-

borne exposures.

The risk model and potency estimates can be applied to populations living

near point source emitters of hexavelent chromium as well as _o the

general population. In estimating risks to populations around such "hot

spots", however, it should be noted :hat while the excess theoretical

cancer risk among individuals mos_ heavily exposed can be considerable

(e.g., .006), the number of people so exposed may be re!atively !o_

(e.g., a few _housand people) and therefore the actual number of addi-

tional estimated cancer cases will also be rela=ively low.
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This document presents an evaluation of the health effects resulting from
o

exposure to chromium compounds. The purpose of thi_ undertaking was to

determine if exposure to chromium at current ambient ievels is likely to

produce adverse effects on human health. To achieve this objective, data

on the chemistry, toxicology, and epidemiology of chromium were reviewed

by the staff of the California Department of Health Services. Salient

features of this review are presented and a quantitive risk assessment

based on the carcinogenicity of hexavalent chromium is provided.
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2. CHEMISTRY

The chemistry of chromium has been reviewe_ elsewhere (EPA, 1984;

Hayes, 1980) and only the relevant chemical properties of this sub-

stance will be briefly summarized here, relying on the above

secondary sources. The issues of principal chemical concern regard-

ing chromium compounds' toxicity are oxidation state and solubility.

It is important to bear in mind that the physical and molecular

characteristics of the interaction of chromium compounds with

biological systems are not well known. Thus, mechanisms of toxicit2_

areuncertain. '

Chromium is a transition element (subgroup VI B of the periodic

table) with an atomic weight of 52.01. The most common oxidation

states are 0,+2,+3 and +6, although it can occur in all oxidation

states from -2 to +6. Trivalent (er(III)) and hexavalent (Cr(VI))

compounds have been the most extensively studied in biological sys-

tems, and with the exception of relatively unstable species, such as

Cr(V), are thought to be the only biologically significant forms of

chromium.

Cr(III) is the most stable oxidation state, forming coordination

complexes that tend to hydrolyze and chelate in liquids. The coor-

dination complexes are exclusively octahedral, with ligands such as

water, urea, sulfates, ammonia and organic acids (EPA, 1984). Stable

complexes can thus be formed with amino acids, peptides, prqteins,

nucleic acids and other macromolecules.

.



Cr(VI) is virtually always bound uo oxygen in ions such as chromaues

(Cr04 '2) and dichromates (Cr207'2). A_.' physiologic pH, the

dichromate ion dissociates into the chromate ion. Ct(VI) ions are

strong oxidizing agents and are readily reduced to Cr(III) in acid or

by organic matter (NAS, 1974). Although chromium is the sixuh most

abundant element in the earth's crust, Cr(VI) is rarely found in the

biosphere because it is so easily oxidized by organic matter (Love,

1983; EPA, 1984).

Certain biological activities of chromium compounds (e.g.,

carcinogenicity) have been considered to be rela_ed to their water

solubility. Table 2-1, which lists solubilities of some common

chromium compounds, is intended as a reference for subsequent dis-

cussions.
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Table 2-1. Solubility of Chromium Compounds

Compound _ Descriptionof Solubility

Chromite ore (III) no information available

Chromium metal (O) insoluble in water

Barium chromate (VI) practically insoluble in water (4._ mg/l az
28°C)

Calcium chromate (VI) soluble in water (163 §/1 at 20°C and 182 g/% at
45°C)

Chromic acetate (III) soluble in cold water, insoiuble in ethano_

Chromic chloride (III) anhydrous form is insoluble in cold water and
slightly soluble in hot water; in its hydrated

forms it is very soluble in wauer (585 g/l) and
insoluble in methanol, ethanol, acetone and

diethyl ether

Chromic oxide (III) insoluble in water

Chromic phosphate (III) slightly soluble in cold water: reacts with most
acids and alkali but not with acetic acid

Chromium carbonyl (0) insoluble in water

Chromium potassium

sulfate (III) soluble in water (243.9 g/1 at 25°C)

Chromium sulfate (III) the heptahydrate is soluble in water (124 g/! au
O°C); the anhydrous salt is slightly soluble in
ethanol

Chromium trioxide (VI) soluble in water (625.3 g/! at 20°C)
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Ferrochromium (0) insoluble in water
7

)

Lead chromaue (VI) practically insoluble i_' water (580 _g/1 at
25°C) ,-

Lead chromate

oxide (VI) insoluble in water

Potassium chromate (VI) soluble in water (629 g/1 at 20°C and 792 g/l at
lO0°C)

Potassium

dichromate (VI) soluble in water (49 g/1 a= O°C and 1020 g/1 at
lO0°C)

i

Sodium chromate (VI) soluble in water (873 g/1 at 30°C)

Sodium dichromate (VI) soluble in water (2380 g/1 at O°C)

Strontium chromate (VI) slightly soluble in water (1.2 g/1 at 15°C)

Zinc chromate (VI) soluble in acids and liquid _m_onia; insoluble
in cold water and acetone; decomposes in hot
water

Zinc chromate

hydroxide (VI) slightly soluble in water

Oxidation state is noted in parentheses adjacent to the name of each
substance.

Source: Adapted from IARC, 1980.
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3. PHA_MACOKINETI CS

?
J

The absorption, distribution and excretion of mhromium compounds have

recently been reviewed elsewhere (EPA, 1984). Therefore, relevant

issues are only presented in sllmmary form below.

3.1 Absorption

The extent of absorption of chromium compounds via the respiratory

tract, gastrointestinal tract or skin depends on the chemical form.

In general, Cr(VI) is better absorbed than Cr(III) because df its

facility in crossing cell membranes.

Biological membranes have traditionally been considered permeable to

Cr(VI), but not Cr(III) (e.g., IARC, 1980). However, with ap-

propriate heterocyclic aromatic ligands, Cr(III) can also enter cells

(Warren et al., 1981). The magnitude of a toxic effect resulting

from Cr(VI) exposure may depend in part on whether the reduction of

Cr(VI) to stable Cr(III) complexes occurs intra- or extracellular!y.

3.1.1 %nhalational Deposition and Absorption

Deposition and retention of inhaled chromium depend on the dose, size

and solubility of the substance under investigation. Chromium in

ambient air has been reported to contain principally respirable

particulates, with a mass median diameter of about 1.5 to 1.9 _m

(EPA, 1984).
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In this size range particles can reach and be deposited in the deep

f
lung (i.e., respiratory bronchioles and alveoli), _hough a large

percentage may be carried out in the exhaled airstream (Langard,

1982). Soluble particulates will be taken up regardless of deposi-

tion site; insoluble compounds need to be deposited in the deep lung

in order to be taken up (Langard, 1982). Particles deposited on the

ciliated bronchial epithelium will be cleared via the mucoci!iary

escalator and swallowed. Clearance of such particles occurs more

quickly than those deposited in the alveoli, which will be cleared to

some extent by pulmonary macrophages that migrate to _he mucociliary

escalator or lymph channels.

In a report on _he distribution of chromium in _he lungs of 35 ran-

domly selected autopsies conducted in a highly industrialized city,

Bartsch et al. (1982) found the greatest quantities in interbronckial

lymph nodes (reflecting clearance processes), with the remainder

distributed over a gradient increasing toward_ _he lung apices,

suggesting a relationship to normal breathing. In other words, _he

asymmetric pulmonary distribution of chromium was due _o inhaled

chromium, in contrast to the uniform distribution of constitutive

elements in the lung, such as potassium, calcium, copper and zinc.

Using particle induced x-ray emission analysis, _he concentration of

chromium averaged 2.85 _g/g dry lung tissue (Bartsch et al., (1982).

In itself, this number is of little value, since there was no infor-

mation on the correlation of chromium content with age distribution,

smoking habits (chromium is found in cigarette smoke), possible
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occupational exposures, or concentrations of chromium in the lungs of

an "unexposed"population.

There is insufficient information to estimate accurately the percent-

age of chromium absorption from the lungs (EPA, 1984; Langard, 1982).

A few rodent experiments involving exposure to chromium dusts or

intratracheal instillation of water-soluble chromium compounds indic-

ate that Or(VI) compounds are absorbed much more quickly than those

containing Or(III), probably because the latter bind to extracellular

macromolecules while the former readily penetrate cell membranes.

Langard et al. (1978) reported that after short-term (about 6 hours)

exposure to zinc chromate dust (mean concentration was 7.35 mg/m 3,

99% of particles were less than 5 _m in diameter), mean blood con-

centrations in two rats increased from 0.007 _g/ml to 0.31 Mg/ml.

After several months of repeated exposures mimicking occupational

exposure patterns (6-1/2 hr/day, 5 days/week), mean blood chromium

values in 12 rats were about 0.5 _g/ml. Thus, significant absorption

of this insoluble chromate occurred relatively quickly: near steady-

state values were achieved in a small sample of rats within a few

hours' exposure.

Clearance patterns following intratracheal instillation of several

water-soluble chromium compounds (sodium chromate (VI), potassium

dichromate (VI) and chromic chloride (III)) in _ainea pigs were

reported by Baetjer et al. (1959). The analytical method could not

distinguish Ct(III) from Cr(VI), so that the percentage of Cr(VI)

reduced in tissue to Cr(III) could not be ascertained. Ten minutes
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post-instillation, 15% of the Ct(VI) was retained in the lungs com-

pared =o 69% of the Cr(III). At this time 20%.of the administered

dose of Cr(VI) was found,in the blood and 5% in the liver, spleen and

kidney. For Cr(III) only 4% was found in the blood and other

tissues. The authors assumed that the remainder had been cleared

from the lungs up the trachea and swallowed. At 24 hours pos=-

instillation, only 11% of the Ct(VI), while 45% of the Cr(III)

remained in the lungs. Another early study cited by EPA (1984)

indicates that, at leas= for intratracheal instillation, a substan-

tial portion of the administered dose (55% of chromic (III) chloride

during the firs= week after exposure) was foundin feces, al'sO sug-

gesting substantial tracheal clearance (Visek e= al., 1953). (The

latter estimate may be too high, since biliary excretion was no=

investigated.)

3.1.2 GasTrointestinal Absorptio_

Chromium compounds are poorly absorbed from =he gastroin=esuina!

tract of humans and animals, although Ct(VI) is better absorbed than

Ct(III). Most studies have traced the fate of orally administered

51Ct C13(III ) and Na251CrO4(VI). Based on fecal analysis or on whole

body radioactivity, absorption estimates ranged from less than 0.5%

for CrC13 to about 11% for Na2CrO 4 in humans and less than 1% _o 3%

for both salts in rats (EPA, 1984). Others have estimated =ha= up to

3-6% of Cr(VI) may be absorbed by rats (IAI{C, 1980). Absorption was

increased by fasting or duodenal administration (EPA, 1984; Donaldson

and Barreras, 1966). The facility with which Ct(VI) crosses cell
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membranes is not reflected in a significantly higher absorption in
i,

the animal experiments, possibly because acid gastric fluids reduce

Ct(VI) to Ct(Iii) (Donaldson and Barreras, 1966) (See Section 3.2).

Furthermore, constituents of gastric juices bind Cr(IiI), inhibiting

absorption (Donaldson and Barreras, 1966). In any case, for purposes

of the risk assessment in Section 8, gastrointestinal absorption of

chromium swallowed after tracheal clearance is not considered to

contribute significantly to total chromium absorption.

3.1.3 Dermal Absorption

Dermal absorption of chromium was recently reviewed (Polak, 1983).

The principal relevant aspects are that:

(1) Cr(III) binds to skin components, particularly in the epidermis,

and thus generally does not penetrate intact skin (but see =(4),

below). However, all Cr(III) salts tested penetrate skin

stripped of the stratum corneum.

(2) Cr(VI) compounds in aqueous solution readily penetrate intact

skin and are systemically absorbed at high concentrations (1%),

but do not pass beyond the skin at lower concentrations (0.! to

0.001%).
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(3) Some Cr(III) salus (e.g., CRC13) penetrate in:ac: skin atmosu as
/

well as Ct(VI) compounds.

(4) Ct(VI) is reduced to Cr(III) by skin constituents, particularly

proteins containing sulfhydryl groups.

(5) Penetration of Ct(VI) increases with increasing pH of =he solu-

tion, which correlates with decreasing reactivity as an oxidant,

and thus a decreasing probability of Ct(VI) being reduced to

Ct(III).

Particulate forms of chromium are unlikely to be absorbable per-

cutaneously unless dissolved. Even in the la::er si:ua%ion it is

unlikely, in view of the above findings, that either Ct(Iii) or

Ct(VI) would be systemically absorbed in quantities significan_

enough to consider for purposes of the risk assessment in Sec:ion 8.

3.2 Transport and Distribution

Although most studies of chromium transport, distribution and

elimination have been conducted in animals, the general model (at

least for Cr(II%)) has been confirmed in human subjects using

intravenously administered 51Ct(III), followed by whole-body scintil-

lation scanning and counting and plasma counting (Lim et al., 1983).

er(III) is transporte4 in _he blood bound mainly to transferrin, _ith

uptake by kidney, bone marrow, liver, spleen and soft tissues.
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Transferrin is taken up into cells (e.g., reticulocytes) by en-

docytosis (Light and Morgan, 1982): Cr(III) may thus enter ceils

bound to this protein, as does iron, the usua_ occupant of transfer-

rin binding sites. Liver and spleen appear to act as long-term

storage depots for chromium, perhaps reflecting patterns of transfer-

rin metabolism. Inhaled Cr(III) would follow a somewhat different

distribution pattern, since a large percentage is retained in the

lungs (See Section 3.1.1)

The transport and tissue uptake patterns of Cr(VI) are probably

similar to those of Cr(III), but, because Of different exper{mental

designs, inter-study comparisons are problematic (EPA, 198_).

Furthermore, clearance of chromium from whole blood after administra-

tion of Cr(VI) is slower than after that of Cr(III), due to facile

erythrocytic uptake of the former, followed by intracellular reduc-

tion to Ct(III), with binding to erythrocyte proteins, especially

hemoglobin. (See Section 3.3, "Metabolism") Unlike Cr(III), Cr(VI)

is not significantly bound to plasma proteins (Love, 1983).

3.3 Metabolism

In vitro studies have demonstrated that cell membranes are substan-

tially more permeable to chromate (VI) solutions than to Cr(!II),

which may result from transport via an anion channel (Kitigawa et

al., 1982; Levis et al., 1978). Chromate metabolism has recently

been reviewed by Connett and Wetterhahn (1983), whose relevant fin-

dings are summarized in the next paragraph.
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Absorbed Cr(VI) can react with multiple cellular components, result-

ing in reduction to Cr(III) by reaction with cel%ular macromo!ecules

or small molecules, such,as cysteine, reduced glu:athione, and ascor-

bic acid. Few purified proteins will reduce chromate at physiologic

pH. However, in erythrocytes chromate rapidly oxidizes and binds to

hemoglobin; oxidation is potentiated in vitro by the presence of

reduced glutathione (Kitigawa et al., 1982). In vitro studies of

liver microsome preparations containing cy_ochrome P-450 and NADPH-

dependent cytochrome P-450 reduc_ase indicate =ha: er(VI) is reduced,

with the formation of a er(V) reactive intermediate (Wetterhahn

Jennette, 1982; Polnaszek, 1981). There is also substantia% Cr(VI)

reduction within mitochondria by as-yet-unidentified substances.

Reduction of Ct(VI) is not a random process, since mos= zacro-

molecules and small molecules studied do not appear capable of

effecting this process under physiologic conditions (Connett and

Wetterhahn, 1983).

Ct(III) resulting from intracellular Ct(VI) reduction is capable of a

variety of interactions with cellular constituents, many of which may

result in toxicity. Ct(III) can form stable coordination complexes

with amino acids and nucleic acids, and can cause intra- and in_er-

molecular cross-linking of proteins and polynucleotides (See Section

5, "Genotoxicity"). Ct(III) may also affec: enzyme ac_ivi_ by

binding to enzyme protein or to substrate (Levis et al., 1978).

About half of intracellular Cr(III)complexes formed are found in the

nucleus (Leonard and Lawreys, 1980).

/
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3.4 Elimination

Elimination of chromium was reviewed by EPA (1984) and Langard

(1982), from which most of the following summary is adapted.

The major routes of chromium elimination are via the kidneys and

gastrointestinal tract (i.e., by biliary excretion). Some is also

eliminated in hair, nails, milk and sweat. (Guthrie, 19_2,; Leonard

and Lawreys, 1980). It is unknown which pathway predominates for the

elimination of nutritionally required, ingested trace amounts of

Cr(III)(See Section 3.5), since the kinetics of elimination have been

studied at higher dose levels.

Clearance from plasma, representing tissue uptake and renal

clearance, is rapid, occurring within hours, while elimination from

tissues is much slower, with half-times (for Cr(IiI)) ranging from

several days to about 12 months for storage sites (e.g., liver and

spleen). Numerous experimental studies in animals indicate that

urinary excretion of chromium predominates (>50%), with less than 10%

appearing in bile, while a substantial percentage appears to deposit

in storage compartments.

Several studies compared elimination of Cr(III) and Cr(VI) ad-

ministered intravenously, subcutaneously and by garage. Generally it

appears that er(VI) is more rapidly excreted than Ct(III) (EPA,

1984). This observation was supported in a recent study examining

clearance kinetics of chromium in mice dosed intraperizoneally uith
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1/6 the LDso of Cr(III) or Cr(VI) (Bryson and Goodall, 1983). After

a single intraperitoneal dose of chromium trichlbride (Cr<IiI)) or

potassium dichromate (Gr(VI)), mice were serially sacrificed. At 3

days 87% of Cr(III) was retained, while only 31% of Ct(VI) was; at 7

days these numbers were 73% for Cr(III) and 16% for Cr(VI); and after

3 weeks they were 45% and 7.5%, respectively. (Retention sites were

not specified since the method of analysis involved whole body acid

digestion.) In a treatmen_ regimen consisting of once-weekly doses

of the same substances, Cr(III)-treated mice re_ained about 9 times

as much of the administered doses as _hose treated with Ct(VI)

(totalling approximately 70% of the total injected chromium).

Analyses of excreta showed that Ct(VI) was eliminated more rapidly in

urine and feces than Cr(III).

The differential excretion and retention of Ct(III) and Ct(VI) prob-

ably reflect the greater ability of Cr(III) uo form complexes with

components of biological systems and of Cr(VI) to cross cell

membranes. However, in view of the ready biological reduction of

Ct(VI) to Ct(III) both intra- and extracellularly, this distinction

in the clearance kinetics of the different oxidation states cannot be

complete. In any case, it is clear that exposure to chromiu= in

either oxidation state can result in long (years) residence times in

human tissues. For example, Tsuneta et al. (1980) reported that the

mean concentration of chromium (not speciated) in the upper lobes of

lung cancer patients who were former chromate workers was 72 =ines

greater than that in non-exposed control lungs (36.7 _g/g wet weight

compared to 0.51_g/g), even many years after the exposures had ended.
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3.5 Chromium as an Essential Nutrient

?

J

Although chromium has _een recognized as an'essential nutrient in

animals for more than two decades, the precise nutritional

biochemistry has yet to be elucidated. Cr(llI) was identified as the

active component of a glucose tolerance factor found in brewer's

yeast, which could correct an induced deficiency state. The latter

is characterized by glucose intolerance (measured by an intravenous

glucose tolerance test in animals), glycosuria, hypercholesterolemia,

decreased longevity, decreased sperm counts and impaired fertiii_'

(Mertz, 1969; Anderson and Polansky, 1981).

Guthrie (1982) reviewed 12 clinical studies on chromium supplementa-

tion, reporting that both inorganic Cr(III)(usually as chromium

chloride) and chromium administered in brewer's yeast extract sig-

nificantly ameliorated glucose intolerance and hypercholesuero!emia

and decreased fasting insulin levels in some subjects, including

diabetics, asymptomatic hyperglycemic individuals, and healthy con-

trois. Chromium's nutritional role has not been thoroughly

delineated, but appears at least to potentiate insulin activity

(Mertz, 1975). The biologically active Ct(III) complex, which also

includes nicotinic acid and several amino acids, strongly binds

insulin (Guthrie, 1982).
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Although there are inadequate data to formulate a recommended dietar 7-
/

allowance for chromium, an adequate and safe,intake of 50 to 200

_g/day for adults has been suggested (NAS, 198Da). Daily intakes for

adults in the U.S. are probably less than 200 _g/day, although it is

unclear what percentage of Ct(III) intake would be in biologically

active forms (Guthrie, 1982). Gastrointestinal absorption of organi-

cally bound chromium (as in food) is higher than for inorganic

Cr(III), which, as noted in Section 3.1.2, is poorly absorbed from

the gastrointestinal tract (NAS, 1980a). The Safe Drinking Ua_er

Committee of National Academy of Sciences has reported estimates of

the daily intake of chromium by different routes as: '

(a) food: mean 62 _g/day (range 37-130) from "typical self-selected

American diets";

(b) drinking water: mean 17 _g/day (range 1-22_) assuming consump-

tion of 2 liters/day; and

(c) air: less than 0.5% of dietary intake in areas where ambient

chromium concentrations average 0.015 _g/m 3 and less than 4% in

highly polluted areas with an ambient chromium concentration of

0.35 _g/m 3 (NAS, 1980b).

It should be noted that the estimated average daily chromium intakes

from food and water refer to Ct(III) and thus are not relevant to the

cancer risk assessment for Ct(VI) in section 8.
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4. ACUTE AND CHRONIC TOXICITY
/

J

4.1 Acute Toxicity , ,-

4.1.1 Animal

Because of its poor gastrointestinal absorption and bioavailability,

Cr(III) is considered to be relatively nontoxic when orally

administered. Oral LD50s in rats are chromic chloride, 1.9 g_g;

chromic nitrate, 3.3 g/kg: and chromic acetate, 11.3 g/kg (EPA,

1984). Intravenous LDs0s for various Cr(II!) salts in mfce are:

chromium sulfate, 85 mg/kg: chromic chloride, 400-800 mg/kg and

chromic acetate, 2290 mg/kg (IARC, 1980).

Cr(VI) compounds are more toxic than those of Cr(II!), regardless of

the route of administration. The range of oral LD50s in rats has

been reported to be 80 to 114 mg/kg, with death occurring within

hours to about 3 days. Symptoms and pathologic findings included

cyanosis, gastric ulceration, diarrhea and tail necrosis (EPA,1984).

The principal potentially lethal effect of acute Cr(VI) exposure is

renal toxicity, resulting in acute renal failure. Microscopic

pathologic changes have been reported in the glomerulus and proximal

and distal convoluted tubules in a variety of species, including

rats, monkeys, and rabbits, given toxic parenteral doses of Ct(VI),

usually as potassium dichromate or sodium chromate, t_ has been

estimated that renal toxicity occurs at a dose level of 1-2 mg

Cr(VI)/kg body weight (Tandon, 1982).
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Other organs and systems affected by high-dose parenteral adcinistra-

tion of both Cr(III) and Cr(VI) include the central nervous system,

myocardium and liver (Ta_don, 1982). ,-

4.1.2 Human

The estimated range for a lethal dose of ingesued Cr(VI), based on

reported fatal cases, is berween 1.5 and 16 g (IARC, 1980). Reported

pathology includes gastrointestinal hemorrhage, intravascular

hemolysis and acute renal failure. No such cases have been reported

for Ct(III) compounds, which are considerably less toxic by iHgestion

(see below). As of 1973, no fatalities had been reported due to

exposure to airborne Cr(VI) (NIOSH, 1973). Exposure to Ct(VI)

aerosols results in mucous membrane irrita:ion and probably bron-

chospasm, although the latter is not well-documented in the

literature (Bids_rup, 1983). Since occupational exposure measure-

ments were not often taken and in the past were not often reliable,

no dose-response estimates have been made here, although one would

not expect any such effects in the general population from current

levels of ambient chromium concentrations. This observation follows

a fortiori from the conclusion in Section 4.2.2, _nfrg, that current

ambient levels of chromium would not be expec%ed to result in any

chronic effects discussed in Section 4.2.

4.2 Chronic Toxicity
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Chronic toxic effects (other than genotoxicity, reproductive effects

and carcinogenicity) from chromium exposure have been obserx'ed in

experimental animals and among individuals occupationally exposed.

The occurrence of all of the effects listed below is expected to be

governed by a threshold, even if the threshold exposure level has not

been precisely quantified. In the case of chromium, the difference

between current ambient exposure levels and the levels at _-hich

chronic toxic effects have occurred (several orders of magnitude)

leaves enough of a margin of safety so that none of these effects is

expected to occur in the general population.

4.2.1 Animal

Most of the literature on chronic exposure uo chromium com?ounds

consists of reports of no observed effect levels ("NOELs") (EPA,

1984). The studies reviewed by EPA are of limited value, however,

since few animals were used in each study. All but one of these

studies involved ingestion. The one inhalation study reviewed in-

volved intermittent short exposures (10-60 minutes each) over a 4-

month period of two cats to chromium (III) carbonate dust au an

average concentration of 58.3 mg/m 3 (range 3.3 to 83 mg/m 3) (EPA,

1984). The poor statistical power of this last investigation limits

its usefulness for purposes of risk assessment.

Other inhalation experiments using Cr(III) aerosols have sho%_ that

chronic effects occur at levels lower than 58.3 mg/m 3. Three studies

cited by Tandon (1982) showed that: (1) inhalation by rats of
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chromium (III) oxide or urisubsuituted chromium (III) phosphate az a

concentration of 42-43 mg/m 3 for 5 hr/day for 4 months produced

chronic inflammatory changes in the bronchi and lung parenchy_a and

dystrophic changes in liver and kidney; (2) exposure of rats to

chromium ore residue dust at 19 mg/m 3 for 1, 3 or 7 days produced

swelling and desquamation of alveolar cells, while exposure to !o_er

concentrations (1 or 10 mg/m 3) for 3 weeks resulted in alveolar vail

thinning and filling of alveoli with dust-laden proteinaceous

materials.

There were no Cr(VI) inhalational NOEL studies found. Two rodent

inhalational assays produced chronic effects (Steffee and Baetjer,

1965; Nettesheim et al., 1971). Rabbits, guinea pigs, and rats were

exposed to mixed chromate (VI) dusts and mists at a mean concentra-

tion of 3-4 mg/m for 5 hr/day, 4 days/wk for the animals' lifezines

(Steffee and Baetjer, 1965). Treaunent-related effects included

nasal septal perforation, alveolar and interstitial inflammation,

alveolar hyperplasia, and granuloma formation. No systemic pathology-

was found. In another experiment, mice were exposed to calcium

chromate (VI) dust at a concentration of 13 mg/m 3 for 5 hr/day, 5

days/week over their lifetimes (Net=esheim et al., 1971). After six

months of exposure, pulmonary effeczs included epithelial azrophy,

necrosis, and hyperplasia, bronchiolar epithelial replacemen: of

alveolar cells, alveolar proteinosis and other pathology. There was

decreased weight gain in relation =o control animals. Other effects

included tracheal and submandibular lymph node hyperplasia, and

atrophy of liver and spleen.
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The above discussion demonstrates that there are inadequate ani=al data

from which to calculate a chronic inhalational NOEL. DHS staff me=bets

therefore believe that, the human experience with chromium co=pounds

should be used for purposes of risk assessment (See Section 4.2.2)

Parenteral administration of various chromium compounds at doses

greater than 1 mg/kg to a variety of animal species has resulted in

damage to liver, brain, myocardium, and testis, with the effects more

severe for Cr(VI) than Cr(III) compounds (Tandon, 1982).

4.2.2 Human

In occupational settings the most commonly reported chronic effe:ts

of chromium exposure include contact dermatitis, skin ulcers, irrita-

tion and ulceration of the nasal mucosa and perforation of the nasal

septum (NIOSH, 1975). Less common are reports of hepatic and renal

damage and of pulmonary effects (bronchitis, occupational asthma and

bronchospasm)(IARC, 1980; NIOSH, 1975; Bidstrup, 1983).

Chromium is the most common cause of occupational dermatitis and is

the second most common skin sensitizer in the general population

(Polak, 1983). This condition has an immunologic etioio_/ de_er=ined

by Cr(VI) penetration of skin, followed by reduction to Cr(III) by

sulfur-containing proteins in the dermis. The resulting Cr(II!)-

protein conjugate is then thought to act as a sensitizing antigenic

complex, with Cr(III) as the hapten (Polak, 1983).
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Skin ulcers, ulceration of the nasal mucosa and perforation of the
/

nasal septum are corrosive reactions due co the oxidative actions of

Ct(VI) and chromic acid (Pedersen, 1982: Burrows, 1983: Bidscrup,

1983). Skin ulcers are believed co occur only where the exposed skin

has been damaged (Pedersen, 1982). Similarly, a najor factor in

nasal ulceration and sepcal perforation is thought to be a lapse in

personal hygiene -- i.e., nose-picking (Bidscrup, 1983). Skin ulcers

and nasal perforation often occur in the same individuals (ACGIH,

1982: Burrows, 1983).

Occupational asthma due Co sensitization co chromium has occurred in

industry, but is uncommon (Bidscrup, 1983). Only recently was an

immunologic basis for such asthma confirmed in a case report of aT.

electroplating worker (with a positive inhalationa! challenge) in

whose serum specific IgE antibodies were demonstrated (Novey ec

al., 1983). Bronchospasm in occupational settings, due co the

primary irritant effects of chromium (particularly chromates and

chromic acid mis:), has occurred, but is not well-documented in the

litera:ure (Bidstrup, 1983). It is unknown what levels of pulmo_m_¢

exposure would be required co induce chromium sensitization.

NIOSH (1975) thoroughly reviewed che health effeccs from exposure Co

Ct(VI) compounds. On the basis of chis review NIOSH recommended a

permissible exposure limit of 25 _g/m 3 of Ct(VI) as adequate co

protect against noncarcinogenic effects for a a0 hr/wk cite-weighted

average exposure. Assuming such levels are protective a_ainst the
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above-noted effects, *? and adjusting for continuous exposure (!6S

hr/wk), there is still an approximately 3 orders' of magnitude dif-

ference between this, recor_ended leveL- and current ambient

concentrations. Thus, DHS staff members conclude that none of the

chronic effects discussed in this section is likely to occur at

current ambient levels of exposure _ From this conclusion it can be

inferred that no acute toxic effects would be expected either.

EPA (198_) cited a NIOSH Health Hazard Evalua:ion of an electrop!ating

plant in which typical symptoms and s_g_.s of chromium toxici:y occurred at
Cr(VI) exposure levels of 1 to 20 _g/m . DHS staff has reviewed this NIOSH

report, which indicates that the chromium-associated toxicity was due to

inadequate work practices rather than airborne chromium.

fas noted in the text, there is not enough information to determine a

threshold for immunologic sensitization.
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5. GENOTOX! CII'Y

./

MuUagenic and clastogenic effects have been reported almost in-

variably for Cr(VI), but not Cr(III), compounds. The nature of

chromium's genotoxic effects is complex and has been extensively

investigated. Chromium's interactions wi:h genetic materials have

been reviewed by Leonard and Lawreys (1980), IARC (1980), Heck and

Costa (1982), Levis and Bianchi (1982), and EPA (1984).

5.1. Mutagenicity

Cr(VI) has been indisputably demonstrated to induce genotoxic effects

in all of the major assay systems, suggesting :ha_ the car-

oinogenicity of this substance (See Section 7) is at least partially

explicable on a genotoxic basis. Principal aspec=s of th_

genotoxicity of chromium are summarized below.

(1) Bacterial assays

In the standard Ames _. ry_himuriu_ test, Cr(VI) compounds

induced mutations in tester strains responsive to both base-pair

substitution and frameshift mu:agens at doses of 10-20 _g/plate,

while Ct(III) compounds were observed to be nontoxic and non-

mutagenic at concentrations of up 20 mg/plate. The mutagenic

potency of Cr(VI) compounds could be diminished by addition of

liver microsomal S-9 preparations, erythrocyte lysates, ascorbic

acid, sodium sulfite, sodium nitrate, and several reducing
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metabolites (i.e., GSH, NADH, 1;ADPH), presumably due to ex-
?

tracellular reduction of Ct(VI) to Cr(IlI) (LARC, 1980; Petrilli

and De Flora, 19%8). Addition of pogassium permanganate, a

strong oxidizing agent, to liver microsome and erythrocyte

preparations completely blocked the ability of the latter to

inhibit Cr(VI)'s mutagenicity (Petritli and De Flora, 1978).

Petrilli and De Flora (1978) observed that rat lung microsome

preparations were only very weakly active in reversing Ct(VI)

mutagenicity, which is interesting in view of chromium's ability.

to cause lung cancer in humans (See Section 7).

Similarly, mixing potassium permanganate with Cr(III) compou_,ds

resulted in a positive Ames test, which was attributed to ex-

tracellular oxidation of Ct(III) to Ct(VI). %%ile most Cr(lli)

compounds are nonmutagenic in the Ames assay, some containing

aromatic ligands cross bacterial cell walls and membranes and

are active mutagens in the Ames test and in the E. Coti repair

assay (Warren et al., 1981).

In E. Coli assays, experimental results with er(VI) were nou as

consistently positive as those in Ames tester strains. However,

several Cr(VI) compounds (including salts of potassium, calcium,

lead and sodium as well as stainless steel welding fumes) have

been reported as positive in a variety of E. Co!i mutagenesis

assays. Generally er(III) tested negative, although chromic

acetate was positive at very high concentrations (16-130 mJf) in

one _. Coli arg' strain (Heck and Costa, 1982).
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(27 Cultured Mammalian Cell Assays

)

In V79 Chinese hamster cells, soluble po_assiu_ dichromate (VI)

and slightly soluble zinc chromate (VI) both induced dose-

related mutagenesis, while soluble chromic (III) acetate and

insoluble lead chromate (VI)(both given at subs_antia!ly higher

doses than K2Cr207 and ZnCr04) did no:. In the sa_e cell line,

potassium chromate and dichromate and welding fumes, but no_

chromic acetate, caused 6-thioguanine resistance (Levis and

Bianchi, 1982). In C3H mouse cells, potassium dichromate and

chromium (VI) trioxide induced chromosomal aberrations and 8-

azaguanine resistant mutants, while potassium chromate (VI) and

chromic (III) sulfate did no:. in :he L5178Y mouse ly__phoma

cell TI(+/. assay, potassium chromate and dichromate both tested

strongly posi:ive (IARC, 1980). In the above assays, all Ct(VI)

compounds, with the exception of lead chromate, :es:ed positive.

The insolubility and hence low bioavailabiliry of lead chromate

may have affected the outcome of this investigation.

5.2 Chromosomal Damage

Numerous studies have demonstrated tha: chromium compo,=nds, par-

ticularly those of Ct(VI), cause clastogenic effects in ,,_-_._,oand _

viyo. These studies have been extensively reviewed elsewhere

(Leonard and Lawreys, 1980; IA/lC, 1980; Levis and Bianchi, 1982; EPA,

1984). Relevant conclusions from the review articles are presented

in =his section.
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Every Cr(VI) compound tested in at least 8 different in vitro cell

culture systems has produced chromosomal aberrations, most commonly

gaps and breaks. Cr(VI),compounds tested included chromium trioxide,

potassium chromate and dichromate, sodium chromate and dichromate,

lead chromate, calcium chromate, zinc chromate and welding fume

particles (EPA, 1984; Levis and Bianchi, 1982). Cell culture sources

included human lymphocytes, primary human embryo fibroblasts, primary

hamster embryo cells, three hamster cell lines (CHO, DON and V79),

primary mouse fetal cells, and a mouse mm_mary carcinoma line.

Cr(III) compounds have also occasionally tested positive for c!as-

togenicity i__qnvitro, but only at doses substantially higher'(by one

to two orders of magnitude) than those for Cr(VI) compounds tested in

similar systems. Such anomalous results may be partially explained

by Cr(VI) contamination of Cr(III) compounds and possibly by the

action of lysosomal nucleases released through destabi!ization of

lysosomal membranes (IARC, 1980; Levis and Bianchi, 1982).

Consistent with the above observations, sister chromatid exchange

(SCE) was induced by every Cr(VI) compound tested (including all of

those listed in the previous paragraph) in primary human lymphocyte

and fibroblast cultures, 2 hamster cell lines (CHO and DON), and a

primary mouse lymphocyte culture. Except where contaminated by

Ct(VI) or when mixed at dose levels 300 to 1,000 times higher than

those of Cr(VI), Cr(III) compounds were invariably negative in the

SCE assays (EPA, 1984).
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Observations of chromium's chromosomal effects in vivo have generally

confirmed the results of the in vitro experiments. Micronuclei

(nuclear fragments due ,to chromosomal breaks;or a delayed anaphase)

were found 'in imma:ure erythrocytes in mice administered potassium

chromate (VI) intraperitoneally. However, chromic (III) nitrate and

the carcinogen calcium chromate (VI) did not produce significant

increases in micronuclei (Levis and Bianchi, 1982).

Chromosomal aberrations have been reported in fish and rats treated

with sodium dichromate (EPA, 1984; Levis and Bianchi, 1982). Workers

exposed to a variety of Ct(VI) compounds, including sodium chromaze,

chromium trioxide and others, have had significant increases in

chromosomal aberrations in peripheral lymphocytes compared to unex-

posed controls (IARC, i980). Similarly, workers exposed to chromLum

trioxide showed significantly increased number of SCEs and

chromosomal aberrations (EPA, 1984). Interestingly, this phenomenon

was observed only in the youngest workers, allegedly because these

were the least experienced and would thus be more likely to incur

significant exposures.

In summary, there is overwhelming evidence that Ct(VI) compounds are

capable of causing chromosomal damage. Ct(III) compounds may also be

clastogenic, but it is unclear whether this is a real effect or an

artifact.
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5.3 Transformation

Morphological t_ansformation of ma_a!ian cells is considered to

provide a good, short-term method for assessing carcinogenic

potential. All Cr(VI) compounds tested have been sho_ to be capable

of cell transformation in several i__nvitro systems, while, with one

exception, Cr(III) (as chromic chloride) has not. Levis and Bianchi

(1982) reviewed these experiments and their conclusions are sum-

marized below.

(1) Potassium chromate (VI) and dichromate (Vi) and sodium

chromate (VI) transformed mouse and hamster primary, cell

cultures. Chromic chloride also did so in fetal mouse cells,

but not Syrian hamster embryo cells.

(2) Cr(VI) salts of calcium, lead, zinc, and potassium eminanced

viral transformation of hamster cells.

(3) Cr(VI) (as potassium chromate) enhanced benzo(a)pyrene-induced

transformation of hamster embryo cells, whereas Cr(III) (as

chromic chloride) did not.

(4) Cr(VI) (as potassium dichromate or calcium chromate) induced

anchorage-independent growth in hamster cells, whereas Ct(III)

(as chromic chloride) did not.
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(5) Sodium chromate (VI) administered intraperitoneally to pregnant

mice resulted in transformation of cell cu_ltures derived fro=

the embryos. Cr(IIl) was not tested in this system.

Thus, assays for in vitro transformation provide additional qualita-

tive confirmation of the carcinogenic potential of Ct(VI) compounds.

5.4. Mechanisms Proposed for Genetic Toxicity

Ct(VI) compounds are active in every major assay for geno_oxici_y,

while Cr(III) compounds show activity in some _ystems only at high

doses, which has led numerous investigators uo propose That Cr(VI) is

genetically active, whereas Ct(III) typically is not (Levis and

Bianchi, 1982). This hypothesis is clearly correlated with the

relative abilities of these oxidation states of chromium to cross

biological membranes. As noted earlier, the site of reduction of

Ct(VI) to Ct(III) may well be determinative of _he exten_ of genetic

toxicity. Extracellular reduction diminishes or abolishes

mutagenicity of Cr(VI), while oxidation of Cr(III) has the opposite

effect (Petrilli and DeFlora, 1978). InTranuclear reduction of

er(VI) appears to be the key elemen_ in chromium's genotoxici_f,

resulting in direct oxidation of D_ and/or The formation of stable

Ct(III) complexes with nucleophilic sites in DNA (Langard, 1982).

%-

Since Ct(III) compounds possess clear abilities to damage D.,A in

cell-free systems and, when complexed To certain !igands, in bac-

terial assays, it is possible that Ct(III) is the ultimate carcinogen
j'
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(Fornace et al., 1981_ Warren et al., 1981). Interactions of Cr(liI)

with nucleic acids include bi_ding to cytosina and guanine and to

phosphate groups. Unlike Mg (ii), which stabilizes DNA through its

interactions with phosphate groups, Cr(III)'s effects include inter-

and probably intramolecular cross-linking between phosphate moieties,

chelation between bases and phosphates, and cross-linking with

proteins (Tamino et al., 1981: Levis and Bianchi, 1982).

Experimental evidence from several laboratories supports the notion

that intracellular reduction of Cr(VI) to Cr(IiI) is crucial.

Fornace et al. (1981) reported that in several mmmmalian ce_l_ cul-

tures, including bronchial epithelial cells, Ct(VI) (as potassium

chromate) produced persistent, dose-dependent protein-D_iA cross-

linking, measured by alkaline elution. However, in isolated nuclei

and in buffered solution with [3H] DNA and bovine serum albumin,

Cr(III) (as chromic chloride), but not Ct(VI), induced DNA-protein

cross-links. Sirover and Loeb (1976), using a cell-free system,

found that Cr(III) decreased the fidelity of D_:A synthesis by avian

myeloblastosis virus DNA polymerase at a concentration 25 times lower

than that of Ct(VI) required to achieve the same result, which may be

due to DNA-protein cross-linking (Fornace et al., 1981). Similarly,

Tkeshelashvili et al. (1980) reported that Cr(III) (as chromic

chloride) was more effective than Cr(VI) (as chromium trioxide) in

diminishing the fidelity of DNA synthesis by E.Coli DNA poi}_erase I.
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Using a ran liver microsome/_ADPH system, Tsapakos and Wetterhahn

(1983) showed that enzymatic reduction of Cr(VI)_in the presence of

NADPH was required to effect chromium binding _o double-stranded D_A.

Ct(III) binding was 2 3 times lower and was not dependent on the

presence of NADPH or microsomes. Binding to single-stranded DNA was

substantially higher for both Ct(VI) and Ct(III), wi_h binding of

Cr(VI) greater than that of Cr(III). The Cr(VI), microsomes and

NADPH bound substantially more protein (bovine serum albumin in this

system) to DNA than did Ct(III). Protein and chromium binding to DNA

and RNA were linearly correlaged. Incubating Ct(VI) with DNA

homopol_ers showed that binding to poly(G) Was favored (by an order

of magnitude) over the other homopoly_ucleotides. _nis las: observa-

tion is consistent with the suggestion by ¥enitt and La%7 (!974) that

Ct(VI) mutagenicity is due (at leas: in part) to at:ack on GC base-

pairs, causing GC-->AT transitions in subsequent D:iA replication,

which is typical of electrophilic mutagens.

Thus, there are at least two pathways in :he uptake-reduction model

of chromium's genotoxicity. Damage to DNA, with protein cross-

linking, is caused most effectively when Cr(VI) is enzy_-atically

reduced in close proximity to DNA (e.g., by the electron :ransporz

system cytochrome P-450 complex located in _he nuclear membrane).

(Tsapakos and Wetterhahn, 1983). This may involve reactive Ct(V)

intermediates (Wetterhahn Jennette, 1982; Polnaszek, 1981). Ct(III)

produced by other reducing systems may also in:erect with D_A and
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protein, but at a slower rate because of its kinetic stability.

Common to both pathways, however, is reduction of _r(VI) to Cr(lli),

with cross-linking of macromolecules.

6. REPRODUCTIVE EFFECTS

Potential reproductive effects of chromium have not been investigated

epidemiologically. In view of Cr(VI)'s genotoxiciry, however, there

is reason to believe a priori that it may adversely affect reproduc-

tion, unless germ cells or the fetus were resistant to such toxicity.

This is clearly not the case, since animal experiments demonstrate

adverse effects on male reproductive systems and fetal development.

6.1 Male Reproductive Effects

Both Cr(III) and Cr(VI) are capable of crossing the blood-testis

barrier and damaging the testis. Administered intraperitoneally to

rabbits at a dose of 2 mg/kg for 3 or 6 weeks, Cr(IIi) (as chroni,'--m

nitrate) and Cr(VI)(as pocassium dichromate) caused depression of

enzyme activity, degenerative histological changes and spermatotoxic

effects (i.e., multinucleated germ cells and spermatocyte degenera-

tion in the lumen of the seminiferous tubules)(EPA, 1984). Pagano et

al. (1983) showed that Cr(VI)(as sodium chromate) in sea urchins

depressed mitotic activity in sperm. Consistent with these obse.-va-

tions is the report by Paschin et al. (1981) that potassium

dichromate was positive in a dominant lethal mutation assay in mice
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given a single dose au 20 mg/kg or daily doses for 21 days at 2.0

mg/kg. Male rats treated with a daily inuraperi=oneal dose of I mg

Cr(III)/kg were found to have a mean tesuicul_r Cr(I!I) concentration

of 3.2 _g/g tissue, lower than the liver and kidney concentrauion_ of

14.1 _g/g and 8/1 _g/g, respectively (Lee, 1983). The lower ac-

cumulation in the testis was attributable in part to the protective

effect of the blood - testis barrier. Chromium has also been

reported to accumulate in the testes of men exposed occupationally,

which may be due to reduction of Cr(VI) by testicular microsomes

(Levis and Bianchi, 1982). Both Cr(III) and Cr(VI) are thus capable

of crossing the blood-testis barrier and of affec:ing

spermatogenesis: the risk to humans cannot be assessed from these

data, however.

6.2 Placental Transport

There is direct as well as indirect evidence that chromium can cross

placental membranes. As an essential nutrient, chromium (III) =_st

be transported to the developing fetus. Fetal chromium concentra-

tions reportedly increase during gestation, peaking in the neonate,

with subsequent declines in various tissues during childhood

(Guthrie, 1982).

Ct(III) placental transfer has been examined in several animal

studies. In a study using whole-body radioautography, Ct(as

chromic (III) chloride) was detected in fetal skin and bone one hour

post-injection to the mother, with increasing amounts detectable in
/
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later gestation (Langa:_d, 1982). Similarly, Iijima et al. (1983)

reported that concentrations of 51Cr mouse emb_os increased at 4-

hour intervals after a,single intraperitoneal' injection of 51CRC13,

to the point where the concentration of radio'activity in the fetus

exceeded that in maternal blood. Relatively little inorganic

chromium (III) (<0.5% of the administered dose) has been found to

cross the placenta. In contrast, when administered in a biologically

active form (brewer's yeast) by garage, twenty to fifty percent of

the initial maternal radioactivity was found in the litters (EPA,

1984). In one study comparing transplacental uptake of intravenously

administered Cr(III)(as chromic chloride) and Cr(VI)(as' sodium

dichromate), 0.4% of the dose of Cr(III) and 12% of the dose of

Cr(VI) were recovered in embryonic mice (Danielsson et al., 1982).

The embryotoxicity and feuotoxicity of these chromium compounds (see

below) provides additional, but indirect evidence of chromium's

transplacental passage.

6.3 Effects on Fetal Development

Gale (1978) gave single intravenous injections of Cr(VI) (as chromium

trioxide) to early gestational (day 8) hamsters at dose levels of 5,

7.5, 10 or 15 mg/kg. Fetuses taken from the treated dams were ex-

amined for external, internal and skeletal malformations. There was

a dose-dependent increase in the frequency of resorptions and inter-

nal and external anomalies. The most common malformation was cleft

palate (up to 84% of treated animals in the high-dose group compared

to 2% in controls) and the most common internal anomaly was
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hydrocephalus (55% of the low-dose group versus 0% in controls).

Other fetotoxic effects included delayed ossification and edema.

There was maternal toxicity, as evidenced by decreased weight gain

and renal tubular necrosis, at dose levels of 7.5 mg_g and above.

On the basis of this experiment, the author concluded that chromium

trioxide is embryolethal and teratogenic.

To evaluate the possible contribution of genetic backgroum, d to

chromium teratogenesis, Gale (1982) treated 5 inbred hamster stains

and 1 outbred strain with one, 8 mg/kg intravenous injection of

chromium trioxide. Similar outcomes (high incidence of resorp=ions,

cleft palate, hydrocephalus) were detected in 3 strains, while _he

others were noted to be relatively resistant to the embryotoxici_/r af

chromium trioxide.

Cr(III) (as chromic chloride) was shown to be tera=ogenic in mice

given a single intraperitoneal injection on the 7th, 8th or 9th day

of gestation (Matsumoto et al., 1976). Doses ranged from 9.76 mg/kg

to 24.4 mg/kg. The only statistically significan_ effect observed in

the low-dose group (9.76 mg/kg) was decreased fetal weight. Possible

maternal toxicity was not reported. The most common external
m

anomalies were exencephaly, anencephaly and open eyelids. _-he

authors suggested that the more severe cranial anomalies might be due

to incomplete neural tube closure. This suggestion received support

in later experiments in which pregnant mice treated with a sin§la

dose of chromic chloride on day 8 of gestation were serially

sacrificed at 4-hour intervals post-injection (Iijima et al, 1883).
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Embryos examined histoiogJcally had numerous pyknotic neuroepitheliai
2

cells in the neural ectoderm at 8 hours post-in_ection. The authors

suggested that er(III) has a direct effect on.'the neural tube, which

closes at about 8 1/2 days of gestation. However, an indirect effect

on the placental or maternal system cannot be ruled out by this

investigation.

EPA (1984) reviewed these and other studies, summarized in Table 6-

1. Since the lowest administered dose of Ct(VI) (5mg/kg) noted was

teratogenic without significant maternal toxicity, a risk assessment

for humans using a safety factor approach cannot be used. A similar

rationale applies to the study of Matsumoto et al. (1976), in which

(except for fetal weight gain) a no effect level of 9.76 mg_g for

Cr(III) administered intraperitoneally was reported. However, inter-

nal malformations were not investigated and it cannot be stated

definitively that, from the standpoints of embryolethali_' and

teratogenesis, this dosage is truly a no observed effect level.

Furthermore, this represents a single dose exposure while, for pur-

poses of risk assessment, chronic exposure by a more relevant route

would be more appropriate. (Single dose studies do, however, il-

lustrate the intrinsic potential of chromium to induce reproductive

failure and demonstrate that only one exposure is required to elicit

the response.) Thus, the experimental data are inadequate to calcu-

late reproductive risks to humans from ambient exposures to either

Cr(VI) or Cr(III).
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7. CARCIMOGENICITY

Epidemiologic studies of cohorts exposed to chromium aerosols occupation-

ally provide clear evidence of carcinogenicity. However, because of mixed

exposures and the dearth of reliable exposure data, the relative car-

cinogenic potencies of different compounds cannot be distinguished on the

basis of epidemiologic data alone. However, animal studies involving

inhalational exposure to various chromium compounds have been unsuccessful

in even confirming the results of these epidemiologic studies, much less

resolving issues of identities and potencies of different chromium-

containing compounds as respiratory carcinogens. Several chromiur_

compounds have been demonstrated to be carcinogenic when administered to

animals by invasive methods. In this section the results of nonhuman

studies will be summarized briefly, with greater attention given to uhe

epidemiologic evidence.

7.1 Animal studies

There have been at least eighty reported attempts to induce cancer in

rodents by administration of chromium compounds by various routes. _ese

have been reviewed by IARC (1980, 1982), Hayes (1982) and EPA (1984).

Appendix I consists of a summary table of studies adapted from EPA (1984).

Most early studies have inadequate experimental designs by today's stan-

dards. Relevant findings from the above literature reviews are:

(1) No chromium compound has been unequivocally shown to cause a sig-

nificantly increased number of neoplasms in experimental animals after
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exposure by inhalatio n . At least 7 experiments involving dusts con-
/

raining Cr(VI) and/or Cr(IIi) compounds have been conducted. Altkough

Nettesheim et al. (1971),reported a significarrtly increased incidence

of alveologenic (not bronchogenic) adenomas and adenocarcinomas in

mice exposed to calcium chromate dust (13 mg/m 3) over their lifetimes

for 5 hr/day, 5 days/wk, this conclusion cannot be confirmed on the

basis of the data reported. The authors' statistical methodology was

not reported. Fourteen treated animals (6 males and 8 females)

developed tumors, whereas only 5 control animals (3 males and 2

females) did. However, the numbers of exposed and control animals

were not reported, nor was the distribution of tumor types,'so that

the claim of a significant increase of treatment-related tumor in-

cidence cannot be validated. IARC (1980) considers that there was no

statistically significant increase in this experiment.

The failure of inhalational cancer bioassays to confirm the results of

human experience is puzzling and may have no satisfactory explanation.

Since respiratory neoplasms have been produced by intratracheal in-

stillation and intrabronchial implantation of Cr(VI)-containing

substances, a partial explanation for the negative results in the

inhalational studies is that insufficient doses of the carcinogenic

materials were deposited and retained in the lung. To some extent

this may have been due to deficiencies in experimental methodology.

The animal experiments almost all used whole-body inhalation chambers,

in which exposures to particulates can be difficult to control. For

example, there can be significant losses of particulate materials to

the chamber surface due to electrostatic precipitation (Phalen, 1976).
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Unlike head- or nose-only exposures, in inhalation chambers animals

may be able to avoid exposure by burying their noses in their o_ or

others' fur, which may a_so be capable of preo-ipitauing particulates.

An additional impediment to the deposition Of particulates in the

lungs is the filtration efficiency of rodent nasal turbinates

(although for particles < 2_m in diameter--as was the case in the

studies cited here--this may not be an important consideration).

It should be noted that similar difficulties in confirming positive

results in epidemiologic studies have been encountered with other

metal particulates, such as arsenic and cadmium. %q_us, i_ may be

that, for metals and other particulates, bioassays involving rodents

may not be a good experimental model for inhalational carcinogenesis.

For example, pulmonary clearance in rats and mice appears to be more

efficient than in humans, so that the latter _end =o accumulate a

greater burden of particulate materials , as was reported in the study

of Beerier et al. (1959). This phenomenon may be a reflection of

significant interspecies anatomic differences: nonciliated

respiratory bronchioles are not found in the lungs of rats and mice

whereas they are in humans (Tyler, 1983; Phalen and Oldham, 1983).

l

Recently a cadmium bioassay produced positive results after 24 months

of exposure (Takenaka et al., 1983). Tumor development in animals, as

in humans, was characterized by a very long latency, so that a sig-

nificant increase probably would not have been de_ected in a standard

bioassay protocol, which involves termination at 24 months. Such a

latency period may also apply to chromium inhalational assays. It is
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interesting that in the only chromium inhalational study purporting uo

find an increase in pulmonary tumors, the micewere exposed until

their demise, unlike the other experiments,._hich involved terminal

sacrifices (See Appendix V).

Other considerations that may explain the discrepancy between the

results of animal inhalation studies and occupational epidemiologic

investigations include the following:

1. Humans may be more susceptible to pulmonary carcinogenesis

than rodents.

2. The occupational cohorts were exposed to other carcinogens and

cocarcinogens (e.g., such as those in cigarette smoke),

whereas the animals were not.

(2) No chromium compound has been unequivocally sho-,_to cause a sig-

nificantly increased number of neoplasms in experimental animals

(rats, mice, guinea pigs, and rabbits) after exposure by ingestion.

Only three studies of orally administered chromium (III) compounds (as

chromic acetate or chromic oxide) were noted by IARC (1980) and EPA

(1984), and each of these involved dose levels that produced no overt

signs of toxicity, indicating that higher exposure levels could have

been tolerated. No ingestion studies using Cr(VI) were reported. In

view of the poor gastrointestinal absorption of Cr(III), its nearly

nonexistent genotoxicity in systems where cellular membranes are
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intact, and the suboptimal dosing used in these bioassays, uhe nega-

tive results are not surprising.

(3) When administered by methods other than ingestion or inhalation,

several Ct(VI) compounds have been shown to be carcinogenic. Since

these all have involved injection or implantation of chromium-

containing compounds, the lack of correspondence to rypical routes of

human exposure render these experiments of dubious utili_f for risk

assessment. These bioassays, which are by far the most numerous,

provide the basis for the conclusion by IARC (1980, 1982) that there

is sufficient evidence for carcinogenicity of calcium chromate, which

produces tumors in ra_s after administration by a variety of routes.

Following subcutaneous, intrapleural and/or intramuscular administra-

tion in rats, the following substances produced application-site

sarcomas: lead chromate (VI), lead chromate oxide (VI), cobalt-

chromium alloy, sintered calcium chromate (VI), sintered chromium (Vi)

trioxide, strontium chromate (VI) and zinc chromate (VI) (IA_C, 1980).

Lead chromate also reportedly caused systemic (renal) carcinomas after

intramuscular application. IARC (1980) concluded tha_ there were

inadequate data to evaluate the carcinogeniciry of numerous Cr(III)

and Ct(VI) compounds, including:
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Cr(III_ Cr(VI_ Cr(0)

chromic acetate barium chromate chromium metal

chromic oxide _ chromium trioxide

chromite ore mixed chromate dust

chromium carbonyl potassium chromate

chromi%un sulfate potassium dichromate

roasted chromite ore sodium chromate

soditun dichromate

zinc potassium chromate

zinc yellow

It has been proposed that water solubility of chromates in-

fluences their carcinogenicity (NIOSH, 1975). Hueper and Pas_ne

(1959) had proposed that chromium carcinogenicity is a fu_nction

of a compound's biological availability, which would depend on

solubility, total dose, and "the proper rate of release of

chromium ion from the introduced chromium compound." Compounds

of greater solubility would be expected to be rapidly transported

away from application or deposition sites and inactivated in

erythrocytes (NIOSH, 1975). With respect to pulmonary car-

cinogenesis, however, solubility may be less important than other

factors, such as the size distribution of chromium aerosols,

total dose received, and host factors affecting deposition and

clearance.

In view of the observation that both soluble and insoluble Ct(VI)

compounds are genotoxic and may be implicated in carcinogenesis,

it has more recently been suggested that the issue of water

solubility has probably been overemphasized (Bidstrup, 1983). In
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any case, resolution of the solubility/carcinogenesis issue,

although relevant, is not necessary for :he purposes of risk

assessment. _
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7.2 Epidemiolo§ic Studies

I

7.2.1 Introduction

Several reviewers have recently summarized the epidemiologic studies per-

taining to chromium (EPA, 1984; IARC, 1980; Hayes, 1982). Tne purpose Of

this section is to evaluate key studies with the goal of determining ghe

general health effects associated with chromium exposure and, in par-

ticular, whether chromium or certain classes or compounds of chromium are

carcinogenic in humans. A summary of some salient features of these

studies appears in Table 7-1.

Virtually all epidemiologic studies regarding health effects of chromium

were conducted in occupational settings. The studies arose following case

reports of lung cancer in workers in the chromium industry da_ing back to

the late 1800s. Based on these reports, in 1936 German authorities recog-

nized lung cancer associated with chromate dust as a possible occupational

disea.'e.

7.2.2 Chro_.:_ge Producing Industry

The most studie, ector of the chromium industry has been the chromate

producers. Here, _mite ore (Cr(III)) is the raw material and sodium

chromate (Cr(VI)) and calcium chromate (Cr(VI)) are the principal in:er-

mediate and end products, respectively, of the chromate extraction
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process. Thus, chromium exposure is likely uo encompass a mixture of

oxidation sta_es, solubilities and specific compounds, j
,'

Machle and Gregorius (1948) reported on the mortaliDy of workers in 6 of 7

chromate producing plants in the U.S. Uorker cohorts were not defined; in-

stead, life insurance records were reviewed for cause of death for all

previous years in which each plant had adequate employment and mortality

records. This time period ranged from 4 to 17 years for the differen_

plants. Comparing cancer mortality rates _o those of oil refinery workers,

statistically significant (p < 0.05) increases in the crude rates of cancer

at all sites (4.17/1000 chromate vs 0.78/1000 refinery), cancer of the

respiratory system (2.9/1000 vs 0.14/1000), and cancer of the digestive

tract (0.09/1000 vs 0.05/1000) were found. Though the data were not age-

adjusted, the differences persisted when the data were stratified into _o

groups: age 50 and under and age greater than 50. This suggests that the

higher rates observed among chromate workers is not likely to stem from a

disproportionate number of older workers in this group.

Limited exposure data were available in this study. The overall range of

airborne "chromates" reported by & plants was 0.003 -21.0 mg/m 3, but there

was considerable variation by plant and by location within each plant. The

authors stated that the incompleteness of these data render them inadequate

for further epidemiologic application.

Baetjer (1950) conducted a case-control study of 290 lung cancer patients

in two Baltimore hospitals to determine if a relationship existed with

employment in the local chromate plant. (The plant in question and =he

time period covered are part of the Machle and Gregorius study above.)

- 56



ContrOls were age-matched males randomly selected from each hospital's

records. Statistically significant (p < 0.05) crude odds ratios were found

for having lung cancer and exposure to chromium at earth hospital. The odds

ratios were 32 and 23, respectively.

Mancuso and Hueper (1951) studied the lung cancer-chromium association in

employees of the Painesville, Ohio chromate plant. A cohort of workers was

defined as consisting of employees who had worked for at least one year

during the period 1931-1949. The male population of the county in which

the plant was located served as the comparison group. Denominator data

were not reported; rather, the results were presented as proporuionate mor-

tality ratios (PP_). The PMlt for cancer of the respiratory system was

18.2% (6/33) among chromate workers and 1.2% among the general =ale

population. This difference is significant at p < 0.01. The authors also

stated that about 96% of the workers were exposed predominantly to in-

soluble chromium (chromite ore Or(III)), suggesting that insoluble

chromium, because of its relatively long pulmonary retention time (see

Section 3.4), may have played a causal role in carcinogenesis. However,

since all work environments were contaminated with both trivalent and

hexavalent chromium, (i.e., both insoluble and soluble chromium) the data

are too limited to ascribe the carcinogenic form.

Mancuso (1975) followed up a segment of this population (new employees for

the years 1931-37). A major concern of the author was to determine whether

an association existed between lung cancer deaths and exposure to chromium

of different oxidation states and solubilities. Data from a 1949 in-

dustrial hygiene study of the plant were used to derive weighted average
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exposures to insoluble, soluble and total chromium which were then applied

to the worker cohort. Wa_er-solub!e chromium was ,considered to be

hexavalent while insoluble chromium was assumed.' to be trivalent. ?he

author noted that since the plant's inception in 1931, production had

dramatically increased, possibly increasing chromium dust concentrations.

This was likely to have continued until 19&9, when the company insti;uted

control measures,°which markedly reduced the exposure. Thus, the 19&9 ex-

posure data probably represent an average exposure for the cohort; that is,

the data underestimate exposure from 1931 to 19_9 and overestimate it sub-

sequently.

Of the 332 cohort employees, 173 (52%) had died by 197&, including 41 from

lung cancer. No comparison to a reference group was made. The age-

adjusted data showed an increase in lung cancer rates with increasing

exposure to chromium, regardless of solubility (and hence oxidation state).

No statistical evaluation of those trends was reported, but the staff of

DHS tested the data and found a statistically significant positive trend (p

< 0.001). Mancuso concluded that the carcinogenic potential of chromium

ex=ends to all forms. However, given that employees were exposed to both

trivalent and hexavalent compounds and that increases in one form were

positively correlated with the other, this conclusion appears unwarranted.

The mortality experience of 723 workers in the bichromate-producing in-

dustry in Great Britain was studied by Bidstrup and Case (1956). Lung

cancer mortality was significantly higher among workers than would be ex-

pected using national death rates: 12 lung cancers were observed versus

3.3 expected (p - 0.005). Mortality from other neoplasms or other causes
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of death was not elevated. The authors discuss, but do not adjust for,

place of residence, social class and smoking habits, noting that dif-

ferences between the worker ,cohort and the general population for the

factors were minimal and therefore could not account for the 3.6 fold in-

crease in lung cancer mortality that was observed.

Taylor (1966) identified a cohort of 1212 workers from 3 U.S. chromate

plants who had worked for at least 3 months during 1937-40. The cohort was

followed for 24 years using Social Security records; mortality data were

obtained from death certificates. Seventy-one deaths due to cancer of the

respiratory system were observed while 8.3 were expected using the U.S.

male population for comparison (estimated relative risk = 8.51, p < 0.001).

A dose-response effect was seen using specific cumulative years of chromate

experience as an indicator of "dose" (no exposure data were reported).

This effect was also observed for cardiovascular deaths and noncancer

respiratory disease.

Hayes et al. (1979) reported on a cohort of 2101 workers who were initially

employed between 1945 and 1974 and who worked at least 90 days in a

Baltimore chromate plant. The plant was partially rebuilt in 1950-51 and

in 1960 in an effort to reduce chromium exposures. In mid-1977 the vital

status of 88% of the cohor_ had been ascertained. Compared to the male

population of Baltimore, workers initially employed between 1945 and 1959

experienced a two-fold increase in lung cancer mortality (p < 0.05).

Employees beginning work after 1959 were deemed to have had insufficient

follow-up in view of the presumed long latency period and were not included
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in the analysis. Chromium co_n_ntrations were not reported, but a dose-

response effect was found bet:een duration of ezployment and mortality

(adjusted for age). Also, a history of employment in the departments

producing chromic acid and other hexavalent compounds was associated with

increased lung cancer (estimated relative risk - 2.9, p < 0.05) in contras_

to workers with a history of work in the chromite ore Ct(III) processing

departments (estimated relative risk - 1.3, p > 0.05).

Other groups in the chromium industry have been less extensively studied

than chromate producers. However, epidemiologic investigations have been

reported for the chromium pigment and plating industries as well'as the -

ferrochromium industry.

7.2.3 Chromium Pigment Industry

Exposures in the chromium pigment industry are mainly to hexavalent com-

pounds, including sodium chromate (soluble), lead chromate (insoluble), and

zinc chromate (insoluble).

Langard and Vigander (1983) reported the results of a study of a cohort of

133 employees who began work in Norwegian chromate pigment plants in 1948;

the followup period extended through 1980. Workers commencing employment

after 1972 were excluded. Early exposure was to both lead and zinc

chromates, but production of lead chromace terminated after 1956.

Historical exposure levels were not known, but routine measurements between

1975-80 showed chromium levels of 0.01 - 1.35 mg/m 3. Thirteen cancers were

observed in the cohort: 7-were lung cancer. Among 24 workers who had been
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exposed more than 3 years, 6 lung cancers were obsess,ed versus 0.135 ex-

pected based on the Norwegian male population (estimated, relative risk

- 44,p < 0.001).

Davies (1978, 1979, 1984) reported on lung cancer mortality among workers

making lead and zinc chromate pigments at 3 English factories. No specific

cohorts were defined; instead all non-office male workers completing at

least one year's service by June 30, 1975, from as early a date as records

permitted were followed. Exposure levels were not reported. Rather,

workers were classified into low, medium, and high categories depending on

work activity and likely exposure to chromates. Also, the exposure'i n one

of the plants (plant C) was exclusively to lead chromate. For workers on

the job for at least one year and for whom plant records were available, no

significant increases in lung cancer among the low exposure group were

noted in any plant relative to the general male population of England and

Wales. However, since there were less than 100 men in this exposure class

in any plant, these results should be interpreted cautiously. Also, since

cohorts were not defined there may well have been large numbers of recently

employed workers for whom the followup period was too short (i.e. all

those starting work after 1960). Statistically elevated increases in lung

cancer mortality were found for workers with high or medium exposures in

only two plants (plant A estimated relative risk - 21/9.5, p < 0.001; plant

B estimated relative risk - 11/2.5; p < 0.001). Davies interpreted the ab-

sence of lung cancer excesses in the 167 workers in Plant C as an

indication that lead chromate is not carcinogenic in man. The qualitative

nature of the exposure data and the small worker cohort in plant C militate

against such a definitive conclusion.
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7.2.4 Chrome Plating Industry

Exposures in the chrome plauing indusury are predominantly to hexavalent

chromium compounds, including chromium urioxide, sodium and potassium

dichromate, and chromic acid. These compounds are soluble in water.

Royle (1975) studied 1238 past and current plater workers in 54 plants in

the United Kingdom. A minimum of 3 months of consecutive employment in a

plant was required for entry into the cohort. A reference population con-

sisting of manual workers from non-plating departnzents of the larger plants

and from other industrial plants was the sourceof individually matched

controls for the platers. Matching was based on age, sex, and _hen last

known to be alive. The rate of death due to malignant neoplasms among

platers was 3.2/100 (39/1238) versus 1.6/100 (21/1284) in the control group

(9 < 0.05). Mortality rates for cancers of the lung and pleura, gastr¢in-

testinal tract, and "other sites" were elevated among platers, but did not

reach statistical significance. Increases were also reported for death due

to non-neoplastic respiratory disease. No exposure concentration data were

reported.

Franchini et al. (1983) reported on the mortality of a cohort of !78

chromeplating workers from 9 plants in Parma, Italy. Workers employed for

a= least one year between 1951 and 1981 were included. Though airborne

chromium concentrations were reported, it is no= clear when the measure-

ments were made; there is, however, some indication that the measurements

were taken in recent years when the hygienic conditions in the plants had

substantially improved. The air levels in the plants engaged in the use of
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3
"thick" plating were 7 mg/m (range 1 50) near the plating baths and 3

mg/m 3 (range 0 12) in the middle of the room. The authors refer to

another industrial hygiene suz_ey of these plants (_eporting levels about

ten times higher) which indicated air levels would be about one-tenth as

great where thinner plating was used.

Stratifying on thick/thin plating and restricting the cohort to those who

had a minimum of 10 years of follow-up, there was a significant increase in

lung cancer mortality among the thick plating workers: 3 cases were ob-

served versus 0.6 expected, based on the general Italian male population

(adjusting for age), (p < 0.05). Since only 62 men were in the thin plat-

ing subcohort, the lack of an observed response in these workers may be

rela_ed in part to the small sample size.

7.2.5 Ferrochromitnm Industry

A limited number of epidemiologic studies have also been published concern-

ing the cancer mortality of workers in the ferrochromium industry. This

industry uses both trivalent and hexavalent chromium in the production of

steel alloys.

Pokrovskaya and Shabynina (1973, as cited in EPA, 1984) compared the cancer.

mortality of a group of ferroalloy workers in the Soviet Union to the local

population for the time period 1955-69. No specific cohort was defined nor

were the numbers of cancer cases, individuals in the comparison groups, and

person-years at risk given. Workers in the plant were reported to be ex-

posed to low-solubility chromium compounds with concentrations of
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hexavalen_ chromium exceeding the allowable level of 0.01 mg/m 3 by 2 uo 7

times. In addition, some workers were exposed uo smelting process fumes

for the chromium ore, which included benzo(a)pyrene..'

Age-specific cancer mortality ratios (MR) were reported. The ratios for

cancers in males aged 50-59 were significantly increased (p < 0.001) for

all sites (MR - 3.3), lung (MR - 6.67), and esophagus (M3, - 2.0).

Esophageal cancer mortality was also elevated among 60-69 year old males

(MR - 11.3, p < 0.001). However, the lack of methodological detail

reported as well as the absence of a defined worker cohort leave the

results of this study open to question.

Axelsson et al. (1980) investigated the mortality and incidence of tut.mrs

among 1932 ferrochromium workers in a Swedish plant. A cohort of 1836 men

was defined as all male workers who had worked at =he plant for at least

one year during 1930-75 and who were alive on January 1, 1951. Expec:ed

rates were based on the county in which the plant was located. Exposures

in their plant were predominantly to trivalent and metallic chromium, al-

though hexavalent chromium was present in some stages of production.

According to the authors, "recent" measurements and discussions with

various plant personnel allowed estimation of exposure levels: the range

for Cr(0) and Cr(III) was 0 - 2.5 mg/m 3 while =ha= for Ct(VI) was 0 - 0.25

mg/m 3. Of specific work categories, arc-furnace and maintenance employees

were most heavily exposed.

The total number of deaths from tumors was less than expected (69 versus

76.7) for the en=ire cohort but a non-significantly elevated number was

- 6_ -



found among maintenance workers (18 vs 13.6). The elevation in maintenance

workers was due in part to an increase in mortality from respiratory

cancers (3 vs 1.3, p > 0.05)_. This latter finding was paralleled in the

incidence data, where 4 respiratory cancers among maintenance workers were

observed against one expected (p - 0.038). Two of these cases were p!eural

mesotheliomas and could be related to exposure to abestos, which was used

in the plant. Exposure data for asbestos was not presented.

Langard et al. (1980) studied the incidence of cancer in male workers at a

Norwegian ferroalloy plant (chromium and silicon alloys were produced).

The cohort studied included ail men who had worked at least one year'in the

period 1928-77, but the analysis focused on 976 workers who started before

January 1, 1960. Both overall cancer mortality and incidence were lower

than would have been expected based on national data. Lung cancer in-

cidence was elevated; however, 7 cases were found among ferrochromium

workers while 3.1 were expected (p > 0.05). The authors no_e that the ex-

pected rate may be inflated because the age-corrected lung cancer rate in

the population of the county in which the plant is located is only 58% of

the incidence in the whole country. Applying 58% to the expected rate

results in a significant increase in the incidence ratio (p < 0.0!).

Furthermore, using non-ferrochromium workers as an internal referent

population resulted in an 8.5-fold increase in lung cancer incidence (p -

0.026).

Exposure data were based on a 1975 industrial hygiene survey of the plant.

The total chromium content of dust was "with few exceptions" below 1 mg/m 3.

This level probably underestimates past exposures. Water-soluble chromium
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(assumed _o be hexavalent) ranged from 11-33% of the Uotal. ?he presence

of high levels of Cr(VI) in previous years vas also confirmed by the find-

ing of 2 workers with nasal septum perforations. E:Cposure to asbestos and

low levels of polycyclic aromatic hydrocarbons also occurred, but con-

centrations were not reported. However, since the 243 ferrosilicon workers

studied were similarly exposed yet experienced no lung cancers, the effect

of these exposures may be minimal.

7.2.6 Other Eoidemiologic Studies

Epidemiologic studies have also been conducted in users of chromium

products, particularly welders. Certain welding fumes contain chromium,

manganese, nickel, and trace amounts of arsenic and lead. STern (1983)

reviewed the literature and found 22 studies of cancer incidenc8 and

welding. Five studies showed statistically significant (p < 0.05) in-

creases in the relative risk (range of relative risks: 1.3 - 5). The

results in all 22 studies were consistent with a relative risk of 1.3,

based on a 95% confidence interval. Because of the mixed exposure co

several metals, each of which has demonstrated mutagenici_y or is suspected

of being a human carcinogen, these studies are not as u_eful for identify-

ing chromium as a carcinogen and will not be further discussed.

Only one study was found that looked at =he carcinogenic potential of

chromium in a nonoccupational setting. Axelsson and Rylander (1980)

studied lung cancer mortality in communities exposed to chromium emissions

from the ferroalloy industry. No statistically significant difference was

found for lung cancer mortality rates between communities affected by uhe
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emissions and rural communities having no industrial emissions. Though

chromium exposure levels were measured, they were not speciated in terms of

chromium oxidauion state or specific compounds. Since the ferrochromium

industry predominantly uses trivalent chromium, the absence of an effecu in

this study may be due to exposure to the form of chromium that is not es-

tablished as a carcinogen. Moreover, any Cr(Vl) formed during the

processing of Cr(III) could have been subsequently reduced to the trivalent

form in the atmosphere (NAS, 1974), which could also account for the lack

of increase in lung cancer mortality in the communities. Another pos-

sibility to account for the lack of increased lung cancer could be that the

chromium was on particles whose size would preclude them from being

respired or deposited in the lung.

7.2.7 Summary of Epidemiologic Studies

The health outcomes studied in the published chromium epidemiologic studies

are narrow in scope. Based on case reports from the chromium industry, in-

vestigators quickly focused on testing the lung cancer hypothesis. Total

mortality and mortality from all cancers were also routinely reported and,

occasionally, data on cancer for non-respiratory sites were presented.

Few authors mentioned any acute effects or other chronic conditions, al-

though nasal perforations were reported as an indication of high hexavalent

exposure in several studies. Therefore, the epidemiologic studies are not

adequate to evaluate non-carcinogenic effects.
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Several different study designs and worker groups were used to study the

chromium-lung cancer relationships. The finding of, statistically sig-

nificant associations between, worker exposure to chromium and lung cancer

on an international basis and from a variety of study designs provides

strong evidence to identify chromium as a human carcinogen. However, the

studies have not been able to answer all the questions concerning

chromium's carcinogenicity for _wo reasons: control of potential confound-

ing variables and quality of the exposure data.

The major potential confounders are cigarette smoking and exposure to other

respiratory carcinogens, such as asbestos and benzo(a)pyrene. Because per-

sonal histories typically were not obtained, most authors made the

assumption that workers' smoking habits were identical to those of the

general population (i.e. the usual comparison group). To the extent this

is no= true, the observed number of lung cancer cases can be over- or

under-estimated. For example, if workers smoked more than =heir comparison

group counterparts, it would not be clear how much of the excess lu_ng

cancer observed was due to cigarettes and how much to chromium. Some

authors did qualitatively consider the smoking issue and concluded that it

did not exert a confounding effect or that smoking could not by itself have

accounted for the excesses of the magnitude seen. Staff members of DHS

agree with this conclusion: it is not likely that the estimated relative

risks, which exceeded 20 in many cases, could be explained solely on =he

basis of smoking.

Similarly, there cannot be a definitive resolution to the problem of ex-

posure =o multiple carcinogens. Since exposure data were generally

lacking_ quantification of exposure to other carcinogens is tenuous, at
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best. The impact of these exposures could reduce or invalidate the

chromium-lung cancer relationship. Invalidation does' not seem likely,

however. For example, asbestos exposure is likely to occur in smelter

operations among selected workers (furnace operators and perhaps main-

tenance workers). The finding of a positive association between chromium

exposure and lung cancer in other workers within the same plant and in

other chromium industries suggests that chromium has at least an independ-

ent role in carcinogenesis.

The second major problem with the epidemiologic studies -- the poor

chromium exposure data -- limits the specificity of the cancer-chromium

relationship vis-a-vis oxidation state, solubility, and individual

compounds. As was indicated earlier, levels of exposure were rarely kno%_.

Where exposure levels were given, they were incomplete relative to the

period of worker exposure. Further, since employees were exposed to mix-

tures of chromium-containing materials, the available data are insuffient

to differentiate effects based on oxidation state, solubility or specific

compounds. The observation by Baetjer (1950) that respiratory cancer was

not associated with the mining of chromite ore (trivalent, insoluble) and

the findings of lower cancer risks in those industries mainly using

trivalent chromium (e.g. ferrochromium) and those with exposure to

trivalent and insoluble hexavalent chromium (e.g. Davies, 1984 chrome

pigments) suggest that trivalent chromium may not be as carcinogenic as the

soluble hexavalent form.

In s,,mmary, the epidemiologic data identify chromium as a respiratory sys-

tem carcinogen, but are insufficient to refine the carcinogenic potential
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in terms of individual compounds, the trivaient or hexavalen: oxidation

state, or differing solubilities. Furthermore, while the findings of some

studies suggest chromium is _associated with nonrespirato_ 3 cancers, the

evidence is insufficient to consider this to be of a causal nature.
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8 OUANTITATIVE RISK ASSESSMENT
3

I

8.1 Introduction , .'

EPA has recently published a health assessment for chromium (EPA, 1984).

The report was independently peer-reviewed in public sessions of _he

Environmental Health Committee of EPA's Science Advisory Board. The quan-

titative risk assessment of this document has been adopted for this report

based on the rationale given below. The assessment focuses on hexavalent

chromium, since Cr(VI) compounds have demonstrated both mutagenic and car-

cinogenic effects while evidence implicating Cr(III) as either a mutagen or

carcinogen is weak. The staff of DHS believes this is a reasonable and ap-

propriate interpretation of the health effects data on chromium.

To be protective of public health, a risk assessment should be based on the

adverse health effect which arises from the lowest exposure to a substance.

Both carcinogenic and non-carcinogenic effects must be considered.

8.2 Non_ -ctgc%enic Risks

Noncarcinogenic 'fects of hexavalent chromium include skin ulceration and

dermatitis, nasal _ _a irritation and septum perforation, and kidney and

liver damage, while r(III) has been implicated in causing pulmonary

fibrosis (see Section 4._.2; ACGIH, 1984). These effects have been

reported from exposures in occupational settings. As a result, occupa-

tional standards have been set at levels presumed not to causethese

effects given repeated exposures. The American Conference of Governmental
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and Industrial Hygienists (ACGIH) has established the occupational

threshold limit value (TLV) for Cr(VI) at 0.05 mg/m 3 while the permissible

exposure level (PEL) recommended by NIOSH is 0.027 mg/m 3 (waTer-soluble,

noncarcinogenic Cr(VI)) and 0.001 mg/m 3 (water-inSoluble, carcinogenic

Cr(VI)). The TLV for Cr(III) is 0.5 mg/m 3. These occupational standards

are not necessarily directly applicable to the general population because

of the potential greater susceptibility to disease among the general

population. In fact, the ACGIH has cautioned against the general applica-

tion of TLVs stating that:

These limits are intended for use in the practice of in-

dustrial hygiene and should be interpreted and applied only by

a person trained in this discipline. They are'not in=ended

for use, or for modification for use, (1) as a relative index

of hazard or toxicity, (2) in the evaluation or control of

community air pollution nuisances, (3) in estimating the _oxic

potential of continuous, uninterrupted exposures or other ex-

tended work periods, (4) as proof or disproof of an existing

disease or physical condition...(ACGIH, 198a).

However, temporarily holding these caveats in abeyance, the lowest PEL of

0.025 mg/m 3 can be modified to account for a 2_ hour per day and 365 day

per year exposure yielding a concentration of about 0.0! mg/m 3 which is

"theoretically" protective against nasal irritation, septa! perforation,

dermatitis, and liver and kidney dysfunction. Further, =o be more

· cautious, an additional conservative safety factor can be applied, e.g.,

100, yielding a "population threshold" of 100 ng/m 3. This level is 5 to 6

times greater than ambient levels. Thus, using this crude and extremely
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conservative approach, noncarcinogenic respiratory, renal, hepatic or

cutaneous effects would not be expected to appear at ambient levels.

8.3 Carcinogenic Risks

8.3.1 Sources of Data

Typically, bioassays and/or epidemiologic studies are used for quantitative

risk assessment of carcinogens. Both sources of data are available for

chromium. In general, however, the use of epidemiol0gic data is preferabie

since effects in humans are being evaluated, obviating the need for inter-

species extrapolation. Moreover, in the case of chromium, the route of

exposure in the epidemiologic studies, inhalation, is the route of primary

concern to the ARB.

Animal carcinogenicity studies have not been successful in demonstrating a

significant increase in tumor incidence following inhalation or ingestion

(see Appendix I). This finding holds for both trivalent and hexavalent

compounds. However, some studies have shown significant tumor increases at

site of contact, particularly for some hexavalent compounds, following sub-

cutaneous injection, intratracheal instillation, or intrabronchial,

intrapleural, intramuscular or intratracheal implantation. While support-

ing the identification of chromium as a potential carcinogen, these latter

studies are not used for quantitative risk assessment for reasons described

below.
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Determination of comparable inhalational dose levels from the above-noted,

atypical routes of exposure, that yielded carcinogenic excesses is

problematic. In the case of implantazion studies, since tumors appear to

develop only at the site of contact, the dosage producing the effect (as

opposed to the amount of material implanted) is not readily discern, ih!e:

high local concentrations are likely to appear at the site of exposure and

without good absorption data, it is difficult to quantify dosage. For ghe

instillation studies, difficulty arises with respect to rela_ing the

delivered dose, to the ambient levels zhat would have to exist _o produce

this dose through inhalation, given the anatomy and physiology, of the

animals' upper respiratory tract. The differential cancer response by

route of administration indicates That the dose distribution is affected by

the route of exposure. I_ also points to the need for physiochemica! and

pharmacokinetic information relating the distribution of chromium in lung

tissues after inhalation or intratracheal administration. Such information

is not available. Furthermore, the physiologic mechanism of dose distribu-

tion by intra_racheal administration may depend in a non-linear fashion on

the dose levels used in the experiment (EPA, 1984). The study by Steinhoff

et al. (1983), in which a weekly dose of sodium dichromate induced a car-

cinogenic response in rats but failed to do so when one-fifth this dose was

given five times per week, supports this contention. Thus, the staff of

DHS believes that iT is not appropriate to attempt To derive the dose-

response curve for an inhalation exposure where the dose parameter is as

poorly defined as in the case of the chromium animal studies, particularly

when adequate epidemiologic data are available for quantifying the excess

risk.
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8.3.2 Selection of Chromium Compound(s) For Risk Assessment

As the toxicological data suggest, chromium's health .'effects are related to

the oxidation state, solubility, and the metal elements in the test com-

pounds (e.g. lead, zinc, calcium). In general, trivalent chromium

compounds do not show evidence of mutagenicity in short-term genotoxicity

tests. Experiments in several animal species further suggest that Cr(III)

compounds (e.g. chromic acetate, chromic oxide, chromite ore) are not

likely to be carcinogenic. IARC (1980) concluded, however, that these data

were inadequate to either confirm or refute the carcinogeniciry of

trivalent chromium. The staff of DHS agrees with this conclusion.

In contrast, several hexavalent chromium compounds have been shown to cause

genotoxic effects in prokaryotic and eukaryotic systems, both in vitro and

in vivo. Moreover, studies in rats have demonstrated the carcinogenicity

of several Cr(VI) compounds: lead chromate (insoluble), zinc chromate

(insoluble), strontium chromate (insoluble), and sintered chromium trioxide

(insoluble).

Since these data are not in conflict with the epidemiologic findings, the

staff of DHS believes the risk assessment should be based on hexavalent

chromium compounds. However, because the DHS assessment will use

epidemiologic data to estimate risk, and because these data do not permit

differentiation of risk with respect to solubility or compound specificity,

the assessment will pertain to the general class of Ct(VI) compounds. The

staff of DHS recognizes that, in assuming all hexavalent chromium compounds

are equally carcinogenic, the estimated risk per unit dose (potency) may be
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undereszimaued due to uhe inclusion of pouential noncarcinogenic compounds

in the cancer potency calculation. The staff also reco_aizes that the ap-

plication of this potency factor to a mixed Cr(VI) exposure may

overestimate the predicted cancer risk (by assuming exposure _o a higher

dose of carcinogen than is actually present).

8.3.3 Threshold

A threshold in classical toxicology is a level au or below which a toxic

response does not occur. The concept of a threshold is accepted for health

effects which are not self-propagating. In theo_/ _he threshold represen=s

an absolute level; however, in practice the threshold level is defined

where no effect can be detected. The practical threshold is thus a func-

tion of technology, i.e., the ability to measure snell effects, and of

sample size, i.e., the ability to observe a rare event in a given exposed

population. Practical thresholds are typically determined by applying a

safety factor to _he lowest no observed effect level (NOEL) or no observed

adverse effect level (NOAEL) among all health effects of concern, as deter-

mined from experimental data or observational reports. The safety factor

provides an additional degree of protection to account for more susceptible

individuals in the genetically heterogenous general population.

Whether carcinogenesis (a self-replicating process chac may continue after

the exposure has ended) is characterized by a threshold is controversial.

Empirically, a threshold level cannot be proven using either animal or

human studies (e.g. if there were no effect observed in 25,000 animals,, one

could not be absolutely assured of a similar outcome in 100,000 animals or
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1 million animals). Therefore, the issue of a carcinogenic threshold can

only be resolved based on knowledge of the mechanism by which a substance

causes cancer. Science has ,yet to validate proposed mechanisms. It is

believed, however, that cancer is a multistage process that can be in-

itiated with an attack by a carcinogen on DNA. The result can ultimately

be expressed as a tumor. Theoretically, despite the body's defense

mechanisms, the initiating event can be caused by a single molecule of the

carcinogen, making the threshold dose indistinguishable, for practical pur-

poses, from zero. This is in contrast to other toxic effects that are

believed to occur only after the reserve capacity of the biologic target to

withstand and rapidly repair damage has been exceeded.

Some compounds associated with carcinogenic responses do not appear to in-

teract directly with DNA. Although it is possible that these compounds may

have thresholds, their mechanisms of action are not well-understood. These

compounds are currently treated for purposes of risk assessment as non-

threshold substances.

The mechanism by which chromium induces cancer is not known. Levis and

Bianchi (1982) have described a possible mechanism which requires exposure

to hexavalent chromium because, in contrast to trivalent chromium, Cr(VI)

can readily penetrate the cell membrane. However, as noted in Section 5.4,

trivalent chromium, formed from either intracellular enzyme-mediated reduc-

tion or by reaction with reducing agents, may be the ultimate carcinogen.

Thus, it is not known if the "initiating" event is the binding of Cr(III)

to DNA, the reduction of Cr(VI) to Ct(III), or some other process. In any

-77-



case, the proposed mechanism predicated on the occurrence of a geno_oxic

event is consistent with the assumption of a non_hreshold'process.

One critic of the EPA chromium health assessment document (Hathaway, 1985)

interpreted the findings from some short-term genotoxicity studies, metabo-

lic studies, and an animal study as demonstrating the existence of a

threshold. The points cited to support this were: 1) Cr(III) appears to

be neither mutagenic nor carcinogenic, 2) treatment of Cr(VI) with chemi-

cal or biological reducing agents renders Cr(VI) nonmutagenic, 3)

treatment of Cr(III) with strong oxidizing agents results in a positive

mutagenic response, a) Cr(Vi) is reduced to Ct(III) both extra- and in-

tracellularly, and 5) an unpublished animal study in which a weekly dose

of sodium chromate (Gr(VI)) for life yielded a carcinogenic response while

one-fifth this dose administered five times per week resulted in no tu_ors

($teinhoff et al., 1983). In other words, the genotoxiciTy tests suggest

that exogenous Ct(VI) is a carcinogen whereas Ct(III) is not, even if

Ct(III) is the valence state with which DNA is ultimately complexed. The

implication is that, to the extent that Ct(VI) is reduced extracellularly

or even intracellularly prior to reaching _he nucleus, the likelihood of a

significant genotoxic effect is correspondingly diminished. If the reduc-

tion process occurs in a non-linear fashion, a practical threshold may

exist. The differential carcinogenic response observed in the animal study

also supports the concept of a practical threshold.

The staff of DHS agrees that some of these findings may be consistent with

the existence of a metabolic threshold, but do not believe that they con-

stitute compelling proof of a threshold or, in particular, of a threshold
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that could be numerically applicable to h_v.ans. Other factors need to be

considered. For example, possible pharmacokinetic differences between the

aforementioned test systems and man limit the d_rect generalization of

these findings to man. Also, even if the reduction of hexavalent chromium

were a non-linear process, these metabolic defenses have not convincingly

been demonstrated to be completely effective. Furthermore, the demonstra-

tion of a dose-rate response (Steinhoff et al., 1983) does not exclude the

possibility that a carcinogenic response could have been seen in the low-

dose group had a larger population been studied. Alternatively, the dose-

rate response observed by Steinhoff could be interpreted as showing that

the lifetime-averaged daily dose may not be appropriate for modelling the

risk of chromium.

The evidence presented in support of a threshold is inconclusive and per-

haps is more suggestive of a nonlinear low-dose response than an absolute

threshold. Hathaway (1985) acknowledged these difficulties: "... this

evidence does not permit quantification of the threshold or a description

of the dose-response at low doses." The staff of DHS concurs with Hathaway

on these latter points. Therefore, in accordance in Section 39650 of the

Health and Safety Code which stipulates that DHS should be protective of

public health, and given that the assumption of low-dose lineari_y is con-

servative (i.e., public health protective) the hexavalent chromium risk

assessment should be based on a linear non-threshold model.
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8.3.4 Extrapolation Models

Chromium exposures in the occupational epidemiologic studies tended uo be

in the milligram/m 3 range. Ambient exposures to atmospheric chromium are

in the nanogram/m 3 range, or about one million times lower. Therefore, a

model and a procedure are required to estimate effects resulting from ex-

posure to ambient levels, when the only demonstrated response occurred at

much higher occupational levels.

Empirically, most extrapolation models fit the observable dose-response

data equally well, but can give vastly disparate results in the !oW-dose,

nonverifiable range of concern. However, mutagenic studies with both

ionizing radiation and a wide variety of chemicals support a linear, non-

threshold, dose-response relationship, particularly for low-dose e.Tposures

(EPA, 1984). Epidemiologic studies of radiation-induced leukemia, breast

and thyroid cancer, and liver cancer induced by aflatoxins in the diet also

support this type of relationship (EPA, 1984). Therefore, the DHS risk as-

sessment will adopt the EPA linear nonthreshold model to estimate low-dose

chromium exposure carcinogenic risks, recognizing r/%at such a model, al-

though biologically plausible, has scientific limitations. A linear

nonthreshold model is also likely to be health-protective because, for ex-

ample, the linearity assumption may provide an upper limit to the dose-

response.

Two procedures were used by EPA to calculate the potency. The first re-

quires age-specific mortality data and calculates the carcinogenic potency

taking competing risks of death into account. (A more detailed description
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of this procedure is given in Appendix II.) The lifetime probability of

lung cancer given continuous lifetime exposure to dose d is given by:

L s

P(L,d) - 7 h(s,d)exp_-[_ h(y,d)dy + A(s)]_ds,
0 o

where L is the maximum human lifetime, exp [-A(s)] is the probability of

surviving to age (s) without acquiring lung cancer, and h(t,d) is the age-

cause-specific mortality after adjusting for the background rate. Once the

function h (t,d) is specified, its parameters can be estimated from the

epidemiologic data; A(s) is estimated from vital statistics.

The second procedure is less complex and is applicable where age-specific

information is not given. The method assumes that the risk among exposed

individuals (Re) is a function of the exposure dose (d) and background

cancer rate (_):

Re - _ + Bd,

where B is the potency factor. The relative risk (i.e., the ratio of risk

between exposed and non-exposed individuals) is therefore:

Re ,Rb + Bd
lB gl mR.

% %

/

Solving for B yields:
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3- [(_R - i) × ?_)]/d.

Data from epidemiologic studico are used co estimate the relative risk

while information concerning dose levels, if available, is _/pical!y

presented in either an epidemiologic study or in an associated industrial

hygiene survey. The background rate of cancer is typically obtained from

vital statistics data.

The excess lifetime probability of lung cancer, given a continuous !ifetine

dose of hexavalent chromium, P(L,d), is _hen given by:

P(L,d)- 1 - exp (-Bd).

8.3.5 Selection of Studies for Ouantitative Risk Assessment

Many epidemiologic studies have demonstrated the carcinogeniciTj of

chromium, but few have been able to quantify the exposure, particularly in

a manner representative of the experience of exposed individuals. Indeed,

only one study (Bourne and Yee, 1950 with reference to Mancuso & Hueper,

1951) addressed the issue of particle size which could be a critical factor

in establishing dosage. Since the inhalation exposure was most likmly due

to chromium dust or aerosol (chromic acid mist), actual worker exposures

would probably be restricted to respirable particles that would be retained

in the lungs (i.e., less than 5 pm (Task Group on Lung Dynamics, 1966)).

Thus, it is possible that the exposure data available to calculate the

potency are inflated which has the practical effect of underestimating the

potency factor. Similarly, the use of respirators would decrease actual
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exposures relative to ambient measurements, resulting in an underestimated

potency factor. The extent of respirator usage was not, however, discussed

in the epidemiologic studies used for the risk assessment.

Exposure data were reported for the Mancuso (1977), Langard et a1.(1980),

Axelsson et al. (1980), and Pokrovskaya et al. (1973) studies. The

analytic group in the Langard study consisted of a cohort of men who began

work some time between 1928 and 1960 but the exposure data were based on an

industrial hygiene study conducted in 1975. The authors noted that several

changes in production routines occurred during the plant's 50 years of

operation and that no data were available on chromium exposure levels for

previous years. Since the industrial hygiene of the plant undoubtedly im-

proved during the period the cohort was exposed, the 1975 exposure data are

likely to significantly underestimate the cohort's average exposure. These

data will then yield a spuriously high potency factor. For this reason the

staff of DHS do not believe the Langard et al. study should be used for the

hexavalent chromium risk assessment.

The Axelsson et al. study also provides exposure data, but the ill-defined

sources for these data and the ambiguity of the health findings in this

study render it inappropriate for a quantitative risk assessment. The ex-

posure data are based on "recent measurements and discussions with retired

workers and foremen employed in the 1930s" (Axelsson et al., 1980). As

such, the accuracy of these exposure data is questionable. More impor-

tantly, however, was the finding that the subcohort of maintenance workers,

which was the only group found to have a statistically significant elevated

respiratory cancer risk, was also exposed to asbestos. Two of the four
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respiratory cancers obse_zed were mesotheliomas, a neoplasm generally con-

sidered to be almost exclusively associated with prior exposure to

asbestiform fibers. With :one cancer expected and excluding the

mesotheliomas, the observed relative risk (2/1) was not statistically

significant. Given the synergistic relationship between cigarette stoking

and asbestos exposure (i.e., a 50-fold increase in lung cancer risk among

smokers who are also exposed to asbestos) and the absence of smoking data

for cohort members, the staff of DHS does not believe that the one extra

case of lung cancer observed in the _xe!sson study can be reliably at-

tributed to chromium. Therefore, this study will not be included in the

DHS cancer risk assessment.

Of the remaining studies, the investigation by Mancuso is most appropriate

for use in a quantitative risk assessment. The inadequate reporting of the

Pokrovskaya et al. study in terms of cohort definition and details concer_.-

lng the results renders the validity of study's findings somewhat

questionable. Therefore, this risk assessment will focus on the Mancuso

study. An estimate of chromium's potency based on the Pokrovskaya et al.

study is also presented for comparative purposes only wi=h The understand-

lng that it may be less valid.

8.3.6 Risk Assessment Based on the Ma_cuso Study

Mancuso (1977, see Appendix III) reported on the cancer mortali_/ of 332

men who began work in the chromate (er(VI)) producing industry he.seen 1931
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and 1937. Forty-one lung cancer deaths had occurred by 1974. Since age-

specific deaths were reported, both the competing risk and crude

extrapolation models are used tO estimate potency. ,'

The risk assessments are based on data in the table below, (Table 8-1)

which includes the exposure, lung cancer mortality given this exposure, and

expected lung cancer mortality without chromium exposure for the study

cohort. The reported weighted average worker exposures were assumed to be

equivalent to the continuous exposure d (in ug/m 3) calculated by:

D 8 2a0

d - f L x _ x 3-_ x 103 _g/mg
e

where D is the reported exposure (in mg/m3-years), Le is the midrange of

the age category, f is the fraction of time exposed to chromium, and 8/24

and 240/365 are the fractions of a day and year, respectively, that a

worker spent at the plant. It was assumed that f - .65 which implies that

the cohort exposure to chromium began approximately at age 20.

Exposure data are in units of total chromium and are based on a 1949 in-

dustrial hygiene study of the plant (Bou_ne and Yee, 1950; see Appendix

IV). Since exposures occurred between 1931 and 1972 (the life of the
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Table O-1. Combined Age Specific Lung Cancer Death Rates and 'rotal Chromium Exposure (in pg/m j)
for the I_neu_o Study (_lneuao, 1975).

Average l.ifetime
Age at Exposure Person years Background Estimated Expouure fi,,n_.,e

Deatl_ it (l,g/m_)h i)_:aLhne fit [lin1( Rate d ilelative Rink (m?,/m3 - )'_')
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-ii
60 ;'0.'/9 ') 717 I.JlJI x I0 JI.9 ;2.0- 5.U')

()0 .J_).(l_} ') ,._l I I .Jill X JO ''''] 1_.5 6.0 - '/.0 L)

-.3
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...._, .- .._
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plant), exposures based on 1949 data represent an average exposure. Bourne

and Yee indicate that, in view of the improvements in equipment and

processes after 1946, iu is extremely likely that chromium levels pre-1949

were greater than post-1949 levels, which supports the notion that the 1949

data represent average levels.

A review of the EPA risk assessment (Hathaway, 1985) raised the point that

the use of the 1949 exposure data would underestimate the true exposure by

20- to 40-fold. This is based on the cumulative effects of three factors.

First, the exposure data represent normal plant operating conditio_ and

not plant upset conditions. Using maintenance workers' exposuresl which

were five to ten times greater than production worker exposures, as a basis

of upset exposure levels, Hathaway indicated that a 2- _o 4-fold underes-

timate had been used by EPA. Since it is not known what percentage of the

general workforce was exposed to upset conditions or for how long,

Hathaway's estimate cannot be verified. However, other estimates for this

effect are consistent with the data. For example, if non-maintenance

workers were exposed to five times (based on DHS' calculated average of

maximum maintenance worker exposures) their usual exposure for three hours

per week (based on Bourne and Yee), their increase in exposure is only 30%:

[37(x) + 3(5x)]/40 - 1.3x, where x is the exposure estimate based on nor-

mal operating conditions.

Second, Hathaway stated that Mancuso had assumed that worker exposure post-

1949 was zero. This assumption was based on their finding that Mancuso had

not obtained worker job assignments after 1949. Hathaway presumed that the

-87-



failure _o accoun_ for post-1949 exposures might result in a two-fold un-

derestimation of exposure. Third, Hathaway alleged thatexposures prior to

1949 could have been five times_greater than those measured in the 1949 in-

dustrial hygiene survey. Thus, these latter Two points account for a ten-

fold underestimation of exposure levels. Clearly, exact exposure levels

cannot be calculated because the requisite data have not been collected.

However, by invoking some crude assumptions, alternatives to Hathaway's es-

timate of exposure underestimation can be formulated. For example, Mancuso

has indicated that although pos_-t949 work histories were not obtained,

only about 25% of the worker cohort could have been exposed beyond 1949

(Mancuso, 1985 personal communication).

Therefore, assuming all cohort members were exposed to 5 times the 1949

levels for an average of 15 years (i.e., the median time between cohort

formation and 1949) and additionally, 25% of the cohort was exposed to one-

half the 1949 levels (estimated from Bourne et al., 1951) for the remaining

23 years that the plant was in operation, the overall weighted average ex-

posure can be estimated as:

.75[((15yrs)(5x) + <0yrs)(.Sx)}/(15yrs)] +

.25[{(15yrs)(Sx)+(23yrs)(.5x)/(15+23yrs)] - 4.3x

where x is the 1949 exposure level.

The total underestimation of exposure may be only 5.6-fold (1.3 x 4.3) and

not 20 to 40 fold, i.e., if indeed it has been underestimated at all. Wi:h
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knowledge of Hathaway's com:_cnts, EPA still felt that the exposure data

might be underestimated by a factor of two.

Estimation of the hexavalent fraction of the toual chromium levels reported

by Mancuso can also be calculated from the industrial hygiene survey data.

Bourne and Yee reported that the ratios of trivalent chromium to hexavalen_

chromium concentrations in the airborne dust in nine major departments

ranged from 1 to 3, except for two departments where chromite ore (Cr(III))

was extensively used; the Cr(III) to Cr(VI) ratios here were 6 for the lime

and ash operation and 52 for the ore preparation. Excluding the ore

preparation department, exposure data yield an estimate for hexavalent

chromium levels no less than one-seventh the amount reported for total

chromium.

8.3.6.1 Potency Based on Comoeting Risks Model

Applying the competing risks model to the exposure and mortality data from

Table 1 and estimating the probability of survival to age t (exp[-A(t)])

from U.S. Vital Statistics yield an estimate for the excess lifetime prob-

ability of cancer from exposure to chromium of 1.16 x 10 .5 per ng/m 3.

Assuming that the hexavalent chromium fraction alone is carcinogenic yields

an excess lifetime risk of 8.12 x 10 .5 per ng/m 3. Alternately, assuming

the chromium levels have been underestimated by a factor of 5.6, the excess

risk per ng chromium/m 3 would be 2.07 x 10 .6.

8.3.6.2 Potency Based on "Crude" Model
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Estimation of the potency factor, B, using the "crude" model is also based

on the data in Table 8-1. The estimated relative risk is ca!cu!aged by

taking the weighted average of the age-exposure-specific relative risks

where the number of person-years is the weighting factor. Thus, the cohort

average RR equals 7.2. The dose, d, is estimated as the weighted average

of the age-exposure specific concentrations also weighting by person-years.

The dose estimate is 15.5 x 103 ng/m 3. The background rate of lung cancer

(_) is based on the lung cancer mortality rate for the 1964 U.S. popula-

tion and is equal to 0.036. Therefore, the potency is calculated as

follows:

B - [(7.2 1) x 0.036]/(15.5 x 103 ) - 1.a4 x 10'5/ng/m 3.

Accounting for the estimated hexavalent fraction of the exposure or the

possible underestimation of the total exposure yields potency estimation of

10.1 x lO'5/ng/m 3 and 2.57 x 10'6/ng/m 3, respectively.

These risk estimates may be too high if the workers smoked more than The

general white male population, which the background ra_es are based upon.

Mancuso provided no data on smoking habits, but it is generally accepted

that the proportion of smokers is higher among industrial workers Than the

general population. EPA explored the impact of differential smoking habits

on the risk assessment (EPA, 1984). As an example, if :he background rate

of lung cancer mortality for the Mancuso cohort is increased by 40% the

corresponding potency would be reduced by 25%, or from 1.16 x 10 .5 to 8.70

x 10'6/ng/m 3. A 40% increase in background lung cancer mortality could
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arise assuming that 80% of the chromate workers are ever-smokers while only

50% of the general white male population are ever-smokers.

EPA concluded that the application of other reasonable assumptions about

smoking habits of the cohort compared to the general white male population

would not reduce the potency estimate by more than 50%. Therefore, the

lowest estimates of potency "adjusting" for smoking and the possible under-

estimation of dose (e.g. a factor of 5.6 from the sample DHs calculation)

would be 11.2 times lower than those previously given or 1.04 x 10 .6 /mg/m 3

for the competing risks model and 1.29 x 10.6 /ng/m 3 for the crude model'

A summary of potency estimates under different scenarios is presented in

Table 8-2.
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Table 8-2. Excess Cancer 2isks from Cont_nuGus Lifet_e
Exposure to _xavalent Ci_rcmium

Estimated Excess LifeZize E¢:.:

' per na/m3 _e_','illion:c_u'_t::n
Competing Risks

Model Crud___=

Mancuso Data

Exposure = Total Chromium1 (best estimate) 11.6 !:._
a) underestimated exposure by 5.6 2.1 2._
b) smoking rate higher among workers 5.8 7.:
c) a+b 1.0 1._

d) 95% UCL2 for best estimate -- 2S.?

Exposure = Hexavalent Chromium3 (best estimate) 8i.2 iC3._
a) underestimatedexposureby 5.6 i4.5 l_.C
b) smoking rate higher among workers 40.6 _:._
c) a + b 7.3 }.C

2
d) 95% UCL for best estimate -- 1_.2

4
Pokrovsk_ya et al. Data

a) highdoseestimate -- ::.S
b) lowdoseestimate -- :El.2
c) geometric mean of a _ b -- ?._

lpotency calculated based on total chro,.=,iumlevels.

2Up:er,limit of the :_%...confidence inter'.:ifo_.e_ti,,-,ated._::ative,.,_::k,. _.:_.,-.:.
available for parameters in cor,,petingris_s ,-,,_'.del.

3
Concentration of hexavaient chromi,,mass;-,ed,'.obe I//7the :e;'eiof -.._=1-_---_-,-
Seetextforfurtherexplanation.

A

'Insufficient data provided to calculate confidence limits.
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8.3.7 Risk Assessment Based on the Pokrovskaya et al. Study

This is a Russian study that was not published in.English and hence, was

not directly reviewed by the staff of DHS. The potency estimation below is

excerpted from the EPA chromium health evaluation (EPA, 1984). The data

reported by the authors are only appropriate for use in the crude model.

POTENCY ESTIMATION BASED ON POKROVSKAYA ET AL. (1973)

Although this study showed a significant increase of lung

cancer mortality over the control group, thevalidity of the

data is questionable because the study cohort is not clearly

defined. The report indicates that the cancer mortalities

over the period 1955-1969 in workers from a ferroalloy plant

in the Soviet Union were compared with the population of

similar ages in the city where the plant was located, but it

fails to indicate the criteria by which workers were included

in the cohort. The lung cancer mortality ratios were reported

to be 4.4 (not statistically significant) for the age group

30-39 and 6.6 (p - 0.001) for the age group 50-59 among male

workers. Concentrations of hexavalent chromium were reported

to exceed the marginally allowable value (0.01 mg/m 3) by 2 to

7 times on the average. The length of employment was from 7

to 20 year, with an average of 15 years.

Based on the information that the average ambient concentra-

tions of hexavalent chromium exceeded the marginally allowable
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value 0.0! mg/m 3 by 2 to 7 times, workers' exposure to

hexavalent chromium ranged from 0.02 mg/m 3 to 0.07 mg/m 3.

The lifetime doses corresponding to 0.02 mg/ 3 and 0.07 mg/m 3

are, respectively, as follows:

d1 - 0.02 x 103 x (8/24) x (240/365) x (1/4) - 1.1 ug/m 3

and

d 2 - 0.07 x 103x (8/24) x (2a0/365) x (1/4) - 3.8 ug/m 3

(where the factor of 1/4 represents the 15-year average ex,

posure among the 60-year-old cohort members). If 6.6 is uaken

to be an estimate of the average relative risk for the cohort,

then the carcinogenic potency for hexava!ent chromium (Ct(VI))

is calculated to range from:

B - (6.6-1) x 0.036/3.8 - 5.2 x 10'2/ug/m 3

to

B - (6.6-1) x 0.036/1.1 - 0.18/ug/m 3.

'2/ug/m3The geometric mean of the Two limits is 9.7 x 10 . It

is about 8 times larger than 1.2 x 10'2/ug/m 3, the potency

calculated on the basis of the Hancuso (1977) data.
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Converting to ambient levels (i.e. nanograms/m 3) yields an estimate of 9.7

x 10-5/ng/m 3. This potency estimate is about 8 times greater than the best

estimate derived from the Mancuso data using the competing risks model.

8.3.8 Sunnnary of the Risk Assessment

Both animal and epidemiologic studies have demonstrated that chromium

causes cancer. However, for the purpose of quantifying the carcinogenic

potential of chromium, no animal study and only one epidemiologic study was

found to be appropriate. This conclusion was also reached by the

Carcinogen Assessment Group (CAG) of EPA (EPA, 19845.

The cohort of chromate workers studied by Mancuso is the basis of the DHS

risk assessment. While providing the best data for a risk assessment, four

important issues could not be completely resolved. Thus, the carcinogenic

potency contains some degree of uncertainty. The four issues are: (1)

speciation of exposure with respect to trivalent and hexavalent chromium,

(2) possible underestimation of worker exposures, (3) separation of the

effect of chromium from that of cigarette smoking, and (4) potency of

specific chromium compounds.

Speciation of chromium was based on the assumption that the trivalenu form

was insoluble in water whereas the hexavalent form was water soluble. This

is not completely accurate since some Ct(VI) compounds are insoluble (e.g.

lead chromate) and some Cr(III) compounds are soluble (e.g. chromium potas-

sium sulfate). Therefore, the assumption that hexavalent chromium ia one-

seventh the amount of total chromium in the plant Mancuso studied, and
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hence the carcinogenic potency of hexavalen: chromiu_ is seven times

greater than tha_ based on the total chromium concentration, should be

recognized as as source of uncertainty in the risk assessment.

The assertion that chromium levels have been underestimated must also be

viewed cautiously, because it is not based on documented evidence from the

plant in question. Thus, while the staff of DHS has provided potency es-

timates assuming a 5.6-fold underestimation in the exposure levels, the

staff does not recommend that such an assumption or any assumption with

regard to a possible exposure underestimation be used as the basis for a

recommended potency level.

With respect to cigarette smoking, Mancuso did non address =he potenuia!

confounding effect this may have had on the chromium-lung cancer

relationship. Rather, the risk assessment assumes that the chromate

workers had the same smoking habits as their general population

counterparts. EPA, assuming no synergistic effect between chromium and

smoking, estimated that even if the Mancuso cohor_ smoked more than their

comparison group it would be unlikely that the potency factor could have

been overestimated by more than a factor of 2. (If there is a synergistic

effect, the independent role of chromium would be much less than indicated

in this risk assessment. Available data are insufficien_ to verify or

refute the existence of a synergistic relationship.) Again, while the DHS

risk assessment has shown the estimated impact of smoking, s:aff mezbers do

not believe that the recommended range of potency levels should be basedon

possible differential smoking patterns.
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The matter of potency for specific chromium compounds cannot be resolved

with current epidamiologic data. Exposures tended to be mixed or, where

only a single compound was present, exposure levels were not quantified.

Thus, the staff of DHS recommends that the carcinogenic potency of dif-

ferent hexavalent chromium substances be considered equivalent.

The above issues notwithstanding, the conclusion of the staff of DHS is

that hexavalent chromium is a human carcinogen without a threshold. The

estimated excess cancer risk incurred from continuous lifetime exposure to

'5/ng/m3hexavalent chromium is given by the range: 1.16 x 10 to 14.6 x

10-5/ng/m 3. The lower limit represents the estimate based on using the

average total chromium exposure data in the Mancuso study and the upper

bound is based on the upper limit of the 95% confidence interval for the

estimate of the relative risk in that epidemiologic study and assuming the

concentration of hexavalent chromium was one-seventh that of the total.

The staff of DHS does not present a lower confidence limit for potency es-

timates because the true risk may be considerably below even the lower

boundary of the 95% confidence interval limit, yet there is no scientific

basis for locating this risk. The upper boundary for the confidence inter-

val is given since it represents a conservative estimate that is unlikely

to be exceeded by the actual risk and is thus in accordance with Section

39650 of the Health and Safety Code whic h stipulates that DHS "shall util-

ize scientific criteria which are protective of public health consistent

with current scientific data."

The risk estimates can also be applied to smaller geographic areas, such as

those around point source emitters of chromium. In Part A (section III.C)
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data from two point sources located _n popuiaued areas were given (this is

reprinted below). One area was comprised of a 20 x 20 kilometer area cen-

tered on a chromium plating facility. The other area was a 40 x 40

kilometer area centered on a bank of cooling towers.

P%a_%ng Facility

Annual Average Chromium Population Cumulative
Concentration. ng/m Exposed Population

550 1,960 1,960

450 -0- 1,960
350 -0- 1,960

250 1,925 3,885
150 5,825 9,737
100 -0- 9 737
90 -0- 9 737

80 -0- 9 737

70 8,803 18Sa0

60 1,945 20485
50 7,742 28227

40 14,870 _3097
30 22,982 66079

20 61,829 127,908
10 452,709 508,617

.05 to 5.0 2,400,000 2,993,262

Cooling Towers

Annual Average Population Cumulative
Chromium Concentration. nm/m 3 E.%_osed _opu3at%o_

5.0 8,886 8,886
4.0 2,993 11,879
3.0 23,942 35,821

2.0 96,565 132,386
1.0 730,336 862,722
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Table 8-3 shows the theoretical cancer impact each of these point sources

would have on the surrounding population using potency estimates of 1.16 x

10 .5 /ng/m 3 and 14.6 x 10 .5 /ng/m 3. For each source these are small sub-

groups within the population that are exposed to (relatively) high chromium

levels and they would be subject to a correspondingly high estimated excess

lifetime cancer risk. However, because so few people are exposed, the ex-

pected excess number of cancer cases would be small. Conversely, more

cases would be predicted among population groups wi_h low exposure because

of the large number of people so exposed. It should be noted that the

average lifetime risk of lung cancer in the U.S. population is about 8,700

per 100,000 in white males and 4,200 per 100,000 for white females (Seidman

et al., 1985). Some of the incremental risks in table 8-3 would be large

enough to be detected epidemiologically.
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Table 8-3. Theoretical cancer impacts of lifetime exposure to Cr(VI) in

populations near high point source emission locations.*

Plating Facility Cooling Tower

Range of Exposure** 0.05 550 ng/m 3 1 - 5 ng/m 3

PopulationExposed 2,993,262 862,722

Population-weighted

average exposure 7.55 ng/m 3 1.22 ng/m 3

EXCESS LIFETIME CANCER
RISK AND NUMBER OF CASES

A. Potency - 1.16 x 10'5/ng/m 3

OverallPopulationRisk 8.8 x 10.5 1.4 x 10.5
a)No.ofcases 262 12

Risk at HighestExposure 6.4 x 10.3 5.8 x 10.5

a) No. of cases 13 (pop. 1,960) < 1 (pop. 8,885'

Risk at Lowest Exposure*** 5.8 x 10.5 1.2 x 10.5

a) No. of cases 139 (pop. 2,400,000) 9 (pop. 730,336)

.B. Potency = 14.6 x 10'5/ng/m 3

OverallPopulationRisk 1.1 x 10.3 1.8 x 10'4
a)No.ofcases 3,299 153

Risk at Highest Exposure 7.7 x 10-2 7.3 x 10'4
a)No.ofcases 151 7

Risk at Lowest Exposure*** 7.3 x 10 -4 14.6 x 10 .5

a) No.ofcases 1,752 107

* Based on data provided in Part A, Section III.C "Concentrations Close to Sources.

** For this table, it is assumed all chromium is hexavalent although the reported
levels are for total chromium.

***For Plating Facility_ the lowest exposure was taken as the upper bound of the

range i.e., 5 ng/m 3.
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APPENDIX II

Estimmtion of Parameters for the Competing Risks Model
(Source: EPA, 1984)



7.2.3.i.2. Choice of Dose-?,z:v:_onseModel -- It has been widely recognized

(e.g., Doll 1971) that the age-spec;fit incide::ce curve tends to be linear on

doubly logarithmic graphs, or equivalently, the age-specific incidence follows the

mathematical form

I(T) = bTk-1

where b and k are parameters that may be related to other factors such as dose,

and T may be one of the following three cases:

1. T is age when cancer is observed,

2. T is the time from the first exposure to observed cancer, or

3. T is the time from exposure to cancer minus the minimum time for a

cancer to be clinically recognized.

This model has been shown to arise from the somatic mutation hypothesis of

carcinogenesis (Armitage a_d Doll 1954, Whittemore 1978, Whittemore and Keller

1978). It has also been shown to arise from the epigenetic hypothesis when the

reversible cellular change is programmed to occur randomly (Watson 1977).

These authors and many others have used this model to interpret ar,d/or estimate

potency from human data.

Since the data that could be used for risk estimation are limited, a simple

model that fits the data should be used. Therefore, the observed age-speci{;.c

incidence is assumed to follow the model

l(t,d) = B(t) + h(t,d)

where B(t) is the background rate at age t and h(t,d) = Q(d) tk-1 w;.:h

Q(d) = qld + q2d 2, a function of dose d.

Once the parameters ql, q2, and k are estimated, the lifetire car,cst risk

associated with an exposure d by age t, taking into account the compet[rg risk.

can be calculated by



t $

P(t,d) - f h(s,d)exp {-[ ,t' h(y,d)dy * A(s)] Ids
o o

where exp[-A(s)] ia the probability of surviving to age s and h(t,d) =

I(t,d) -B(t), the age-specific incidence after adjusting the background rate.

7.2.3.1.3. Estimation of the Risk Model -- To estimate the parameters in

h(t,d) we assume, as is usually done, that the number of lung can.'er deaths, X,

at age t, follow_ the Poisson distribution with the expected value

r(x) - N x (B * Q(d) t k-l)

w_ere N is the person-year associated with X, g is the background rate at age

t:, and Q(d) "ql d * q2 d2.

Using the BMDP computer program P3R and the theory relating the maximum

likelihood and non-linear least square estimation by Jennrich and Moore (1975),

the parameters ql, q2, and k are estimated by the meKhod of maximum likelihood

as ql ' 1.11 x 10 -7 , q2 ' 1.84 x 10 -9 , and k = 2.915; the corresponding s:andard

deviations are respectively 7.8 x 10 -7 , 1.2x10 -8, and 1.7.

Thus, the age-specific cancer death incidence aC age t due to chromium

exposure d ug/m3 is given by

h(t,d) -Q(d) :1.915

where

Q(d) - 1.I1 x 10-Td * 1.84 x 10'9d 2

The model fi:s the data yell, as can be seen from the goodness of fi_

statistic

' X2 - £ (O--E)2/£ - 1.60



which has, asymptot[cai:7, a chi-son, re distribution with 5 degrees of freedom

under the model specifi_<[. The observed and predicted values ',sed in calculating

X2 are (3, 2.5), (6, ?.2), (6, 5.1), (4, 3.1), (5, 6.7), (5, 4.1), (2, 1.4)

and (4, 4.3).

Taking into account the competing risk, the lifetime probability of lung

cancer death due to exposure to chromium d ug/m3 is given by

L

P(L,d) = / h(t,d)exp {-[(Q(d)/2.915) t2'915 + A(t)] }dt
- o

where L is the maximum human lifetime and is mathematically equivalent to

infinity, since the probability of surviving beyond L is O.

At iow dose_, approximately,

P(t,d) = d x P(L:I)

where P(L,1) is the lifetime cancer risk due to exposure to 1 ug/m3 of

chromium. The unit risk, P(L,1), has been adopted by the CAG as an indicator

of the carcinogenic potency of a chemical compound.

!
t 7.2.3.1.4. Calculation__0f_the Ri._k at 1 ug/m3 -- To calculate the unitt

risk, P(L,1), it is necessary to know exp[-A(t)], the probability of surviving

to age t. Since this probability can only be estimated, it is assu=ed that the

survival probability is constant over a 5-year interval, as provided in the U.S.

Vital Statistics.

Using this approximation and by integrating the formula P(L,I), we have

· 2.915)_ exp(-3.87x 10-8ti2'9!5)]x PiP(L,1). = E[exp(-3.87 x 10-8 ti_1

= 1.16 x 10-2

where (ti_l, ti) is a 5-year interval and Pi is the probability of survival ,z?



to the age ti_ i · ?[ is assumed to be _ cons_an_ over _he interval and is

estimated from the i975 U.S. Vital Statistics.
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I ABSTRACT

Cohorts of employees 11931-1937) _,f a chmm_qe planl _,.e_e J,,ll_x_Ccl _,_ 1'_74.

l.ung cancer deaths accounted for 62,'T of the total cancers ohscfvc,I. The cl J,.t *ru_ ,t

" hmg cancer deaths occurred after 27-36 l,'eats t,f observation. I he hmg cancer death t_tcst

t inctc.',s_d by gradient level of exposme to b_soluble (trivalent_ cl_mmium, sabot,lcI
(liexavalent) chromium and lo tolal chromium. ]lie lung ,ancer ri_k i_ prim.uily tc

h) lite total chrpnliuni exl)o,mre rel_ardlesl of iht l'otJn _;f chrt,miuJm I xlcnm'_

', dL'posjtionl of chromium we[e fmmd in the lungs Iltally _'eatq at't,.'r c×p_.L_u[c [,_
: chronlJum ceased. The idenlificatitm of tile lung c:mcer li._k for ins, duble {IrivJlenll fl, lin

elf chfomJtlrll among workers bmadcm extensively tile polelltJal ri';k Io ():her I_(_i)ularmn',

: expo.seal Iv chrfmlinni itl other induslrk, s. !t is conthided that a!l I',mt_ ,,f cJlrorniunl arc

; c;m inogenic.

i .f-sum
('}II 3 e._alliin(. I ell 1974 lies cohorles d'¢mpIoyds d'une UqillC git, Lhi..rHah' 1_2_ cn_;c

Iq31 el 1937. Au fol;d. 6? de la nlotl;llih tdlle ail can,,vi' iq[,vcn_l[ d'tm t.lmct dl,

I}OtllllOn, La nl_Jft:ditd due '.l _v cal_cer se pmduisait alm_S 27 _ .11_aris d'ol*_'i_au,m. I ·

I;InX ,.lC niortalJh t. liar i'anl't'f (lu poumon variait avec I'exposJtiml ali diloln(: msolut,lc

Illivalcnl). au chronic soluble {hclavalenl} Cl au chrome Iolal. 1 e ri,,quc dc _.tn,,'r

d_tpcnd avant 10ut de I'exl,m, idotl neug au chrome, qucllu que _,*it sa Ioin_¢. I)'_mp._[

lanll tl(lll_ts de dlf41111c ont gll_ ()tl,lClVd$ d.lli_ lpg [ioLllnl)ll$ pJll'.:irlll _, ,ihrl_lt:_, ill,l[;'_ qlle

I'(-xposllion cut ce._,.!. Lc fail qi_e la fi_flne _duble du clliome pui_w i,l_.w,qucl tm c.m,m

dll iJOllnlOll chef les ollvliels I'll dlatFit (Olt_,J_lt4l;llllcTlll_lll 1¢ d,tlq_cl _ttl\ _T',P.'[Ici_ C_,1,_'_,1%

:ltl rJH.'xJuJl danl d'aulleS seclenfs, NOIll conchmns dlUe Ioule_.; I,'_ hllfn['_, ti(. _.lll_.Hil_ '..(_nl

t a ii'lin ii_,_lil'$.

i IN i RODUCTION

The excc._sivc lung ::ante[ dellh flit: identilied wi:Il w.lkcr._ I'tlga_,vdIn
t Ihe inanuf:teture of chmtna(es has liecn previmi_ly rslahlishcd tMachlc lO'IS:

t
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,. w.' I

I
1.1-1 '[. I'. M.'_Nt'IISO , ('IIR4IMII:'_.I I_lll;5ll.'l _1 ('._,I.'('INL_,;I',; ;;

M:ln_'nstl 1_4'); B,icljcr 1950; I'ublic ilcallhService 1953;l';L)'lor I%(O.'l'hele I':tch jllb held in each dcpartnlelll was ideluilied ami thc du_...,,; ,,

has bccll n'uch q_:culation, dnri._, lITe Past 27 ye;us since Ill,' ,mri,::inal cml,ltl)mcnl iii Ill;: rt'spcclivc t_ccuP:ltiLms :imf cllau_es In ,,cc.P..I.I;, .,.,!

ePideini.lo_ic31 observation, concerning thc chenliCal fornl of Ihe chfontiinll i deP;Lrlntents were lecmdcd. In esscllcc the.. for ever) woikcr iii I!ld PI;mt _,'
sshich may be lesponsible for the development of the high death rate for I ' Il:id established the weiLdlled averaL_eexposul¢ to tile type of ¢hl,]milml ami

cancer of the lupg among chromate workers. _ tile duration of exposure m each _cspective job Iht man had. Ibc dt,.,,:n m

In brief, virlually 'all of the postulations concerning Ihe etiology of lung i linte {years and inonlhs) foJ' each jab held was mulliplied with its colrt',.Fond-
cancer timing the span of years, has centered on the hexavalent form of I lng weighted uverage exposure for calcttlation of lite exposUle )cells.

chromiunl. The principal exccplion has been the rcporl by Mancuso and t The atmospheric concenlralions of chronlimn ill OUr indLIslri.ll h%;::..'nc
ilueper (1951). who emllhasized thc importance of tile insoluble form of Sllldy of this plant were cxpressed iii lernls of elemental chr,mml,I.._
chromium (trivalcnt) in the development of lung cancer and further concluded m depallurc from Ibc customary industrial hygiene plocedure ill which c,,:lCen-

thai exposure to other not readily soluble chmmiunl compounds (chromium [ tralions are expressed in terms of chromic acid (('r._O3). Ihis JnCd,.d ',_.l,

pigments, chromium alloys)also be considered. I :ldopled al the reception of thc study iJI 1')49 It) avoid thc illlcr_u'.'c ,,:

The i)[¢sunt study is a conlinualioll of tire first study initiated in ! implicating any specific comlJounds in subsequent cancer cfi'cci:;.
1948.1.949, in which epidemiological, medical, cngincering and chemical This inc3ns thai Ihe conccnlr:ili4ms calculated per clcmciltal c!,it,,,um

invesligalioL:s were carried out {Bourne and [osdick 1950; Bourne and Yee _ w, mid be lower, by about one half of ULe level for tllat calculalcd ;ts cl_,m_._c

3950; Urone ct al. 1950; Umne and Anders 3950; Mancuso 3951; Mancuso I acid ('Cr203). l'herefore, whatever associations are pi_._:mcd in Ill,' l l,_.il_,'s
and Ilueper 19SI; Bourne and Rushin 19.'il). A sufl'icient numb'er of years wilh levels of co,cenlralion of chfonlium, il is in ecrlns of Iht elcz,lt',_tal
has now el;q_scd, with a corlresjx:_nding increase ill lung ca,ocr deaths, to clir_msiunt, ill thc lellulls o1' Ihe chenlic:ll unaJys_t, lilt' solul,lc cllr,,m:t,m ;

plovide Ihe basis flit fmlhe[ cvalualion of the carcinogenic polential of essentially hexavalcnl and Ihe insolnlde (m wale O is clliclly IriV;llcnl.
chr,,nlium in various forms, i There is .'mother more al)l)alcnl piiinl, and Ib3l is thc cclmpaf.,bi!lEy ,

()ur itfesenl study is concerned with tile fi)Ih)wing irraj()r ¢lUeSliuns: j the concenlrali, ms of chr_mlinm found (insolnble. s_dul)lc and t,,t.d

I What is the span of Ill(: latent periled and how does this affect I chronmnn) iii the cnvilolunenl:d apl,nlisal ill' Ibc plallt ill thc early pi, ri ,.I
,_l)servatio, s ,_1'hm_ cancer al dil'lelenl ptdnls in lin_? 1'),19, wilh the ctmcemratiolls iii the e:tdy yeu_s of operati,,it. It)3 I-P) _?.

__ l)_s iuccessive gLoups of ¢mployee._ ileW IL) :1 ehrOllliUIII exposme The tremendous pl4_Rrc:;sivc inclease ill plodli_.'llt)ll III Ih¢ .-;llcc,...,_llld

nllSl;llll SllllilJI hil.;h rates for Inng cancel? years rtl)ill _'(;ro could have bruughl :il)out a ct_ncluIlilJnl IIIClCaSL'in linc da"
.1 Is Ihcrc ;lily asso¢i:llit,r lx_,lWce..n lUlII_cancel death rates and exposure CtllllCl'lllralil)llS lo ll)-I t) th:il could has'e exceeded Ibc I,'vcl ,,f Ihe Ii,si s.c.;f:. ,d

I_ ;I i_dllictlJ;ll f_!lll i_f CJlltJlnil.n, insoluble, sohlble sir I_) Iolal clmmlinln? Ol,Cl:lliOn. 'Ih,' colnpafly in._lilLlled conlll)J Incusufes aflcr lllc Iq.lq .1:,,['.
which marLcdly Icducetl the e×p()sule.

Since no pl¢cise _:tivir(mment:d study had ever Ik'eli c,)nduct,',.I ill flsa

Mi'.'TIIOI)S c:lrly years Ill' lll)t.l:iliCql i_lf Ihi.n41)l:lnl :Iud hi,nc Iherchnt. sv:ls av.lllaldt, I,,'
1949 weighted aver tt:e exp¢,smcs linsolilllk,, soluble anti tolal 4.'hromiLmll s_..,,.

,Ill thc Lady part 4.)f1_)4') II1,: industrial hyr, icne enldneering study s)f thhl -'lpplicd- I_; all 's_olk,.Ls Clnl_hl)'ed I .ye.ir or narc iii thc I t)31-1q.:L7 c,slI,'II ;lll,l

chlomal¢ plant was conducted. Careful lintc studies, h)r Ihe full ti houls a,d Ihe It)3g.19.1_ cch,il. (The mitial cxphlrali.n Lif thc ItJ.1f-lU.l_ c,)h.rl Ii;l_
40 hour week, were made for each of tile occupations of tile production bt'eh stalled ami ') deaths due to ILm_t c:lnccr :md 2 cases ,,f c:mcel ut Ihe

svorkc[s and together with air sampling, thc true exposu,e in terlns of the slimier have :lheady Ix:ch identified.)

sscicliled avcL'age of eXl)OSme to insohll)le, soluble and Iotal chronumn (per Tile data Itl Ii,t? i)re_.eltlc(I are conl'ilscd Ii) the I0._1-P)37 c-Ii,)_! wilh 41
clibic mctel) sv:ls c.'qculated i'o_ each occupali(m :md for each Svolker roi' lull!: c:nlcer dc;llhs. All d,'alhs w('_e IJllil'orllll_ c,de,I I-, :in cxl,crlcnced

every dep;Lrlnlcnl, ll_)st)loi:isl accoldiflg It) the 7Ih I{cvishm ill' the hlternalh,li:Jl ('J;issilic;Itl, m ,_1

All i_¢_somid records of Ille chrolnal¢ I)lanl since ils inccplion, 1911, (';ul.ws of I)ealll.
weir microfilmed. A co_nl_l¢le w,lk hish)ry wa.,: I)rel_a_ed 4.111each WL)lkCr.



_.lf, T. I'..M,_,N('USO _'IIROMIUM INDt:SI$_I._! _'AR( IN_,I N -.:

]he al_eadjusted mortality rate for tile cohorts was calculalcd by Ihe ulili/ed to rel]c¢! and delect _vhedler similar ol)se[v_lions ol _ i,._i_ h:_
ditecs method using as tht standard the distribution of person years by ace i; cancer r:ile would occur among the successivenew empIo)'et.s, t_ho c.!crc

for thc total chromate population. [ thc same work place and were similarly exposed Io file S:LmCwork proccs,,_roup I and air concert!rt.!lions of chronlJuln. Further, the observation on _uc;_ess_'

cohorts would reflect and provide some indicatiol, vYhclher there had be_'_
RESULTS an), chanl;e in thc nature, extent, or degree of exposure iii the work pl:_ce_:

t the succeeding ),eats. as measured in terms of similar oi les:;e_ mO_lahlv d_,
Tile chromate plant under study began operations in the 1931-1932 'i to lunl., cancer. I_cau_ of tile small numbers of empto)'ee_ in thc c.,l

period and x,,'e have established a cohort of all employees for the period cohorts, a lew deaths not found have mo_e in!porlancc It!a, tJsu:fi rtl Iht
1931-1037. whichhas been followed through 1974. rcspecl, thc interpretalion which can be made of thc 1935.1%_7 c_,l,,rl v.i:'

Tahle I shows the number and distribution of chromate workers by Ihe only 7 lung c:mcer deatlls is malkedly limited.

years of first employment in Ibc chromate planl, arranged into successive Table 2 shows, for the successive coho!ts of nc-w el;_ph,;,ccs :,[.f,?c.
cohorts, representing new employees who entered employment ill the years according to years of first e,npI,)ymenl. _,nd Ibc ctm,t-,incd _,,i,,:
designated, according to age at the time of first employ,nent. (1931-19373. the ratios in percent of cancer of die lung Io all d.ca:h_ :,:JJ

TI:ere were 332 employees in file combined cohort (1931-19373 m i all cancers.
which 17.3 [over 507o) died by 1974. A hi!_her percentage ofdeceased occurred ! For lite l]lst two cohorts (1931.1032 and 1933-107..1}_vidl thc L ,'c.
in the 1931-1932 cohort, which had the longest period of observation and , interval of observation, the percentage of lung callce_ aP.Io_/g all c:m_.:s wa

conver:;el:, the lower percentage of deaths occurred in the 1935.1937 cohort 63.6 and 62.5. The 1935.1037 cohort had 58.3'i;. :tad the cotnhit|ed coh,,-
wilh tile sh_rlest period of observation. I (I0::11.10373 had 62.1% lulit T cancer. !l is evidenl II,a! thc lung c:_:i_c; t,.: _, ,

t hi_lser in eacl, of tile cohorls of now cn!ployce.s in ._llc:.:ccdi!tg t:me pe.-_,,,t.
The ,ulmbcr of employees, as cohorts, is indeed exceplionally small (TN. i

Nol sho!,Vrl in thc table is one case of lung cancer o1' a w:,rl.;er etlipl_,xcd :
15-1 a,M IO0} for an epidcmiological study. Neverthelc.% this approach was i 15134.who had a pneumonectomy (19563 and is still hvlllt'.

figure I shows the latent period tot tile I'J._1-!'_.;7 c,dt,,t,, d,,'
denlonstrah:s thc clustering of lung cancer cases :il the ."7.:i6 xc:tr I._h':'.'

1AIII.E I p,_riod. This i_;olte illuslration of the i,lq_ortance of tile !un_-t¢,n! I'o]h,_-,:, 1,
i,t(h,slrial epide!,i.lu!,ic;d si!idles.

Number _!' Wis:se .S.l.ll_'I':mployces _. in a Chromate Plant Accordi_ Io Ar, e al Fh'sl !'mlsi-y -
mes,I. S_cccs',s':e Cohorts iu'_d l't,.o.,.e Living and I)¢eea_d,

Iq31-32 1933-34 1935-37 1931-3/ j TAIII.i.:2
C,,h,,, Cohort __C.,_:,r_...... (-oI_?L i 4

*.'e a_ Ii:xI .......... R;llios (Jll lmlt',21lll olr [)t';llhS rfl.)lll Callt'Cf h'_ 'l'ota! Deaths in ;s C]ltOflial¢ J'fodu_.;l_:, f'l)ial

I Ill I,loylllclll L l) l, D L D 1. I)

_. 25 12 2 31 19 44 19 87 40 .AIl c:m_'s ...... ..x!l_?an_'_er__. ........ (.m, cr ,,t' I ,,,,_.

25-34 IZ 20 26 26 15 I I 53 5; _. Pr.c.!,u',' ,,f Petc_n_:s.','.I
3S-44 3 17 13 22 2 5 lB 4,1 } N-. I'crccnlagc No. Pcrct'nlage N_. t_.1tI)caths Allf,.incez,

45-_4 O IO O 14 ! 2 I 26 ......................................................................
5._-_4 0 2 0 3 0 I 0 6 Iq31-1q 12 ('ohoH 51 lO{L0 22 43.1 14 27.5 6 L/_
65_ 0 0 0 0 0 0 0 I, ; 1933-193,1 {'.hor I I¢4 100.0 32 38.1 20 23.14 67

Total 27 51 70 84 62 38 159 1_3 l 1')35-1937 ('ohot_ 31_ t t_l.O 12 31.6 7 1_.4 5<.
..................................... 1 1931-1937 tTt_ho_l 173 IO0.0 66 31_.2 41 ' 3 7 62.1.................................

"ln,h_des ._d_.'a,tlxs duc lo war casually and I death wilhoul dealh cetlifJcalC. - .....................................................

..!_'



f..%,

.'-lq T.F..S, iANCUSO CIII(I).MIU.S,I - INI)l:S'l RI._.I. CAR('IN()(;I N :i,

[;......... i A III.F 3

"' ,'s_e Adll.Isled _l..l'lalJly Ealcs' for ('am'er (ff thc l. llng )'fit I_mphhsccsif, , ('h;,n:jf,, i'L_:_:
I ollou, L,d ._('CI,IIIiII|! It_ I.)¢_,i.,-'natcd¥catrs of Ob_.-rvalion Iai Walkers I'nll_h_t, d _ ','carst,fI.J LIVING !---I I

(_) IiIOr¢. · -

'' (J I ('Oliu[I Cl_hO.S I·.T Cohotl ( ,_h_'tt
c _ Yeats of 1931-1932 1933-1934 193q-1937

ti. _ . Ob_fs. alion No. Rate No. Rare No. R;)Ic No .Rlt_
C),_ ............... _ _

illm ,L: "21 5 271.3 4 131.5 I 77.5 ILl I_,1 '}
a: , · 27 s 271.3 7 230.1'-_ J ,c 29 I 77.5 13 . !,s .;

:_:': i'_ IT[TI _ E-Fl n · 6 3!'i. 6 9 295.9 , 77.$ 16 _,:_, ,

03- I -' 31 ,_ 434.1 I0 328.7 2 154.9 2() .;.') x

t.. .' 31 12 651.1 12 394.5 3 232.4 27 4:7 .'
· · ._t, 12 651.1 16 526.0 6 464.1_ 34 _._::

L- ' I_ i I I I I I n j < 39 12 651.1 17 558.8 -
o 5 1o 15 20 25 30 35 40 45 I -.:43 JJ 705.4

LATENT PERIOD IN YEARS ;'l'c, 'ii_.Ot-Fd_ .......................... .. .

I il.'. I. I.Jlcnl pelh)d lrt)l 1931-1937 cohort of new employees in plant ntanu-
l.lt hlfJlIJ' t'Jllt)lll;l!Cl.

'rite rates for the Colld)incd 1031-1937 coht,[! sit,r,. v,'rv clc.,l_ thc
'l'alde .I deluunslfatcs lite influence of lite lenglh in years of the period m_re,lsing mortalily rate for haig cancer with incteasillg _cm> .i' ,,b,L',v,z:_,,,

,d i,b>elvaliun of tile successive cohorts, over designaled I)efitHJs of linlc, au The m,)llulily r:lfe _bsctved tror Ihe i_riod of 15 ye:ti, ,_f Uss _:a: '_7 _' :::!

inollJlil._ I;lle_ diie Il) lung cancer for workers employed five years or mole. wh,'n tile ¢-il,')jt wits li)llowed I',.)r 39 years, the Et,lc 1'60-1.1)v,;L_:.Ix lin:,..
I,)r tile o,nihinetl cohort (1931-1937) al less than IS years period iff ::;C;lh_r

ol,._¢lvaliotl, with a rule of 97.2 there is no reileclion of Iht lille inagnJludc Whorl the gl'als ()f ()bsefv:llioJi are hehl CUllslanl ;il ._6, Iht :lift, ;ldi, d..!

o1' thc cx,'cxs tff lung cancer risk. Yet Ihis pe.riod, precisely 14.5 ye:us, was file ,tmrlalily r:lles are: 651.1 for 1031-1932, .'i26.0 for IO.t3.1u34 and 46.1.:.i I,u
hmiled pefi,,d al uh_fvalion in thc Public Ileallh Service study t_f a chromile 1!)35-1c)37.

!_Jick i)lanl, 11953L The observation by the HIS of only onc hmg cancer Tahle ,1 slmws tile lilt)finally role fi)f lun!,, cauccr b) afc :,r _,,..[

,.sllhhl Ihal pcli,,d of 14.5 years has been repeatedly cited in tile lilefalure as Clnl)h)ylncnl fol Iht; successive cohorts. Ilecause lite lolal fmnd_er ,_1hm..
coltch,sivc evidence Ils:il Ihe Irivalgnl It)rill of Cllfulniuni was IlOl c:trcinolicfll¢ c-',[tc_'[ dcalhs was oJlly 7 itl Ihe 19.t5-1_).17 c'ohort, ;.'t)liltll¢lllS ;lit, ctHthllc. I h',

(Natluual AcJdt'my Science Review 1!)74). Iht: lilsl two cohorts. (We heli_:vc our follow.up of thc 19.IS 1')17 c,h,f! is
Wv know. of course, dial fi)r any industrial carcinogen the marnitude of isic-mpIclc.)

thc ri:,k ix fcllecled o¥cr a much glealet iJuolber of years of ol)scrvalion, 1'he Iai)lc dellit,flStldtCS that I_ar fllu._e eulpIoycd at a._c 2J _t le',_, .ii Iht'

. cllltqll:lle pI;Inl for thc 1911-11)32 :,lid 1933-1')3.1 cohoi!.% the tl){)fi:tlily _:lh'hecaus_ id' thc I.,lel,t period required for lite developmcfil of cancer. Aldlough i

the occupation:il 'cance_s may occur early, nevcrlheless, the largesl number of j w:ls hit.h , 3.10.1 and 371).4 respcclit.,:ly. This pi;mi l)egJll t)l,c ilitlns ill Illc

c;l._'s ai)l)_ar ;il'lei a long Jiltelll imrlud of nlany years, as has been s)h_rvcd in , 1()31'ls)-T2 I)Crio, I. st) Ihcs¢ wt)lkelS iii this yt)ltng acs, wltiJhl icl)it, st;Ill Ihis_d,'

;l',iscsh)'i W()lk¢ls alld now is Sll()Wll ErTl cilroniate plant w¢,lkers. Wilh{,lll ally pli()r JlldtlstlJ;ll e-tnpIoylllenl, wilt) wcle CXl)tJ_.d i(,f Ih(, hr_.l lime

d
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At'.e .4.diusted Mortality Rates* for Cancer of the Lung for Employees in a Chromate Plant I A_e AdjnMed I un,.: ('_nccr l)ealhby A_:eat lust I_:nployment for Successive Cohorts Followed tu 1974. _ mg/m 3._Yea_s. Ratcs/100,O00 ti). Jns-luhlc ('hiotP,;uIII I kJ, .

Cohort Cohort Cohort Cohort Insoluble Person Years Number of A_'c :%Jju%[,'d
Ageat l:itsl 1931-1932 1933-1934 1935-1937 1931-1937 ! ms/m3 Yrs. al Risk Deaths
I mployment No. Rate No. Rate No. Rate No. Rate I DcJth _,t_

I < 0.25 ..............

1,399 0 0._
25 2 340.1 7 370.4 3 134.3 12 254.7 t 0.25-0.49 1,499 2 144.(,

25-34 8 721.4 8 438.1 3 336.7 19 496.6 0.50-0.99 1,708 3 I ?4.t_
35--14 2 343.6 5 485.0 0 0.0 7 382.7 1.00-1.99 2,039 7 327.9
45-54 2 803.2 0 0.0 0 0.0 2 314.0 2.00-3.99 2,409 15 (,307
55-64 0 0.0 0 0.0 ! I0,000.0 ! 1,136.4 ;-' 4.00 2,037 14 64'_ ¢,
65 + 0 0.0 0 0.0 0 0.0 0 0.0 *!olal Chromimn 11.091
All 14 544.5 20 393.8 7 203.4 41 369.7 41 3(;/L?

*Per100,000.
t

_' TA1!1.1:6

A!tem:_/mAdjusteds.h'catsLung.... ('amcr Death R:Hc'_/IOO.()O0I,y S,,tutq.- ('hl,_ucLm /,i.,_l::,.

........................................................

t,_ :Itc dust ,)f chlOlllJnlll compouuds in a plant just starling operations in a ; S_duhle PersonYear,. ,Natal,cf,,f
tutti t'onllnunity. This ;igc group provides a good index of lite lung cancer risk _ m_t/m' Yr_,. at Rixk %.,','%,1,.,,:.,I

!);';,Ihs I),"l!!l J:.lfl'

. duc lo expt_snre to chromiunl conzponnds. -: 0.25 ................................
3,612 3 _, __

For those employed at ages 25-34, lite rate rose to 721.4 and 438.1 for o ?_-n.i,) 1,690 5 _,lt,,
the I'ifsl two cohorts. Any further consideration must be deferred nntil tile n..',O-O.99 2,206 ,Il) .141.._;
;lumber of deaths in these respective age groups is enlarged by addition:ti I.t)tl.l.99 2,358 II 4t :, ,
I'oll,)w-ttp. ., 2.00 I...5'_? 12

Table S shows the age adjusted lung cancer dealh rules per 100,000 by 'l',,i,d ('ht,mmmt 11,091 41
_radien! of insol,ble chron_iunl exposures, flora less than 0.25 milligrams per .... 3_,?.?

cubic meier lo over four milligrams. 'rite mortality rate has ;i "zero" death ·
_at¢ at exposure less titan 0.25 milligrams and rises consistently with the

increase in levels of exposure, 144.6, 174.6, 327.9,630.7 anti 649.6. cubic meter exposure r;mi_'e. TILe rates we,e 0.0, '_' 32' 7 -._3.7, --";'; .(_, 7 ?0.Table 6 .dtows lite age adjusted lung cancer deatlt rate by gradient of an,I 7.11.5. - ....

sohtble chronlium exposures. There is a corresponding rise itt dealh fate with Sittce Ihe Inns cancer death rates are related to lite gradic_tt t,l' both the
the rise in level of exposure. The rates were 80.2,306.0, 441.5,462.2 and instal,hie attd s_dttble chromitmi, Ibc quesfit,I was ill)ted whether thc relation.

o98.7, ship was due, princil)ally, Io One form of chftuuiun! L.Ollll)()uutt ' t, ithrr
Table 7 .,dlows the age adjusted hms cancer death rate by total insohJhlc (i)rintarJly IrivaletH) or soluble /chielly hexavalettl).

chf_)tniunt exposure. The mortality rate has "zero" death rule at less Ihan T_, ittvcsfiCale Ihis, lite age udjttsled mortality talcs _vcre c;d,.'u/;Hcd by
O_c;Ontilligrants of chromium per cubic meter, with an increase in rate by rise c'ht._sil)'ing the workers by the levels of insoluble attd by lite Icvcls _,i' I(qal
,if level of ,'_posure. There was e sligJit dip al lite 2.00-3.0 _) milligrams per _ rht,,t]fitJtn exposttr(,. This is shmvn in T.,ble N. Within the t.d,,I,..,ti It, .'q't'tt Ih.ti

.'_'_
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ill essence, lite data in Tahh:s._to _ :,1¢ eo,sis_eut _Uh the htu_ ¢_f:ccf
TABLE 7

i risk being a I'Unclion of both the soluble and insoluble chtotuium: t c t_ t,,T:d

),ye :_dluitcd Lung ('darer Death p.ales_lO0,000 by T?_ Chromium 1-eveis- J chromium rather than lo on,- classof chroluiunt comp.und.In Table 9, which shows lite age specific death roles by ,:'_:tdi,'til ,ti

l'otaI Person ¥calS Number Age Adjust,_!
at of Death J exposure to chromim_l, allele is un increase by age group: 52_.? for a_e ,15 '_4.

m_:lm]Cht°mium''Yr' Risk Deaths Rates J 685.2 for age S5-64, and 1,088.3 for %,e 65-74.[:urther, allhou._ lite numbcls arc- small in each cell. diere is :, p:,ttct,

-. t*,..5O 2,051 0 0.0 t of increasing dvaih rules by increasing level of Iot:d ch,mliuni f,,t cad] o! the
0.5o41.99 1.558 3 225.7 age groups.
1.0n- 1,9') 1,756 6 32_.7 i

.%00.3.99 2,336 6 255.6 J Conqqellcnsi_'e data on die d,:posili,lt_ of chromium m cv,_.1y i).l_t. ,,i4.00-5.99 i,393 l0 130.7 lt.,true from fuimcr chrunlutc woikcls have been dt, vel-i)cd ;md _;:ll b

;, 6.ldo 1,991 16 741.5 i)rescnled as a _e[)arat¢ report.

'fo_al('hl,)niium 11,O91 41 369.7 _ Table it) is cot)fined I,) thc chemical :malysc, s ,il' tit,: lung_ and d,,,wsfur ._ix deaths dnc lo lung cancer, 1!1¢ le¥cI (,I cluomi,tm [¢m.',inin__ ,, fi,c

j lungs acculclitt[: lo lite litlle illt,,:tv;d since last exp(,surc to CJlf_1111'Ltt11,t;;t_ll:}!
I'ronl 15 too,Ihs to 16 years and 3 nt(qllhs. It is ica(lily _pputcnt tit:st tlt_'te _

TAItLI' 6 J att extensive cl¢l)osilion of clt[onliUlll ill Iht 1un!ts fel:U:lc(I (wt[ [ ':H' I"r";_

A_c ,AtljusKd l.ung C:mcer Death RateslIOLT.Otltt by lusoluble Chromium and Told ,.
('h.mlium I xl_,,_mcs in m_.ls_ s-'Yea¢_-

....... - .................................................. i

1',)131Cht_,mium - J TAItl I_ 9

t_t.l,.tllli % - _l'l'i. All i.cvcls A_c Sl_'cific R;(t_'e; I'(*r I(I{'I,(!(NI for (-_atT;.'_f lit' th_' Lltltl: (of ABC (;l¢,up_ 4 _' .S4. '_._ t,4 ..t,I

'T'lt.t.',t (rsS-_4 J))' (L_lasJlt'lll J_.s.pOlUf¢ ts) 'J'Ot,lJ ('hlollllUln.

h,.,ohd,lt' 4 0.._11 tt.5041.99 1.00-1 .'J9 2.00-3'.99 4.i)li'5._-)s) _' 6.lib To131 tn_dul,k. i ............ -

.......................... IJ ,0
· .......... /'__'t' t;s'mP 45'54 ......

· _) 2S (I.0 144.6

(I."5 0.4_) O.il 311').1 174.6 -.',)_--, 'jr,- ','_ I.I)O I.O-I.99 ,.O-3.')') .1.1i.5.9!) h.11-6.9t) 7.D-'._._'1 8 + It,h,'.,
p.5t_-II 'Yl 135.2 I'}R.l 32?,9 .........................................

I I)(I. I .')') 451.4 260.4 J I)t'alhs I 2 2 4 3 ; 0 t 52611.$ 9114.7 1,712.$ 630.7 _
2.n11.?,.9') 7114.1 1,113.7 b49.6 J I%'l_,,),lY¢il/i t;._¢, 45') $1_3 :l.l_ iS,I 1411 2h-' 2. )i _7

j 1 '_l
;,4.(1_1 Ilalc I171 435.7 34_.1 1,149.4 1,1{1{6.8 .,14..l ti.ti S:_ 7

All I evell 369.?
T,,I,ICtm,m mm O.0 225.7 322.7 2S5.& 77h.7 741.5 ; .............. .}_ce(;s,ml_ 5_.6-1

................................................................... .J I)calhs I .1 I 4 3 3 I 15

IITmnkcclb hlditat¢ 11_I_ctsou ).call al risk. I'ct%on Years ?Il? 356 462 2SO I 13 98 20:1 2.189!
J RaiL' I .I 1.4 842.3' 216.5 I .t,O0.tt 1.7 t,"J.q 3,11bI .: 4'U_.t, {,.'{S.:

I tsr a I'ixcd le¥t:J tit' ids-luble chroniium-exanIple: 0.50.0.09- thc lunr, cant'ct j .................. ..z. /_?.q;_??1, j_5:74.....

risk appeals lo increase us tile lolai chrmnium increased, lu spite of thc J I)c;llhs t I 2 I I Il t 9
reladl'ely small mlnlberl of perSUll ytars at risk and lite nmnber of lung cancer I'¢_on 'l'cara 2:t.'i 16(; 182 80 42 41 tit 8..'7

deaths in i,,livi,h*al t'ells ill Iii{' lahle, fbi ._1lesull is ct)tisisl¢llI ft)l all bisolubla _ It:lie 4:5.5 (,I12.4 I.h91.9. 1,2.511.11 2.3111.O ti 11 3.71137 t.nStl.3

Icvcl:K cx_._pt one ( 1.00- I .!._) nqL/in '_ yr.). i

a ..
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,_ of time. !n coqlrol analyses, tile lung showed 3.0 rnicrograms of ch_,.m_.:m

. O

_": _ r... _ ,q q .,s--: _.q. per I0 ,crams of tissue.
,_ -: _ ,_ ,t _ g g _ rl,e table i. ovides adequate confirmation of the hypothesis ,-_.ptcsr.cd

.Y. '-. 7'
,, >- by Maqcuso and Ilueper, relative to the retention of chTomimn, i's s!,,_

_' ,,0
- release and file development of lung cancer.

We did find high levels of chromium in the testicle among chromate

il_ ooo. ! plant w°rkers' which c°nfirms the allinlal experimenlal °bservati°n ')f

v:. v:. r_ !lopkins (1965), who found a dramatic uptake of Irivalent chromium in tile
_" _" "_ ": testes. We have also noted a higJi level of chromium in the adrenal ahd thi_

%O

- _,, q o. We also have analyzed the chrominm c.ntent of thc lung of a cht,,,,_e

"_ I plaler at the time of biopsy and found 58 micrograms per !0 grams of i_c?;,,,..
{. $ubseqnently, he died of lung cancer.

>., o0 t
y. o "' { CONCLUSION

The sludy de,nonstrated a hill hmg cancer risk an,ong new c,_:?hL_ c,._

a _t _ o entering the sanle chromate plant and work exposure i,l stJcCCSSk'c Ill{le0

- o. _ ,,_ o o _ _ periods (1931-1932, 1933-1034, 1935-1937).
·_ a _ _r i!pidemiok)gical evidence is provided that tile ca[cmogcm¢itx ,1'

""< _ _ Go chrouliLml includes thc insoluble form of chromium.
J-- ._

E The data indic:itc that file carcinogenic potential extends to all I'i,_m_ ,',;'

o cl,omimn and is directly related to the total aniount of chromit, m t:,kcn m,,,.c ,,4

. ,,-, ,:5 ,'5 _ ,_ Ihe J'eSlfiratnry sy.slein.
_ d _e. '/'lie n;,fi_.lal c:mcer inll_act of exposure u! chlonlit,nl ih,mid ....,.m

_.; _, ;" I e:lSSt's,'it'd.
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Ill*li_.'cl ([llg Ig 1311.%lie nlOll.dilt I chez Ic,i Oll_,lif.'r_cn cont.lCt a%,'__¢ I,r,,dnil Ltl.Iii Il :L','
q,I t!tlt,llklllllt in dui, Ii 3nd IhiSls. An;d. (/hem. 22:472. de ._t); ,J (l'JfJi itt' I:l i,)Iqd.lUOll !_lhlr.l!¢ _1 I',_tl ¢XL'JII! lC'; t.l!.:_,'_ Uil'll!l.lf'_ ,_.' I,. '

I 'tstUdc ItC' I*:ll)%cliitli.,jit_ 110111 I;ii'PHI5 tlc' JIl.lludiCS ¢IIL'Z IL*_ klU_l,'l , L'll _.,lll;::,l .l_ . I.

I,ro(luil t'l ay:lnl :m lllOill._ 20 alHl dc _.riVlL't'n'a pa_ tk_g.,,.r d,' ,lill_J,,_, c Mitlll!K;lll_c J'':
ra/_p()fl ,_ un j:[_.)llj)C ILII_IIL)J/1 d'ouvrJefs d',11 Jotr¢ f.L'cl¢llf. (lilt _' _*1[ .iu flirt'.ill ti.' (t,;i'.**

]c':s ;.llJscnt*_s ilu d(. ¥cllcs dlic.*. ;_ [inl. III.I].l_ll¢.. ;lu it'll_i _llicl. I)c_ d._llll_;e_ ll:ttJl_.lJt._, Ih i! L;ll

.%111' fC_[ nit"nlc_ illl%lit, li 4_t llfl)¥1qialit c%(elilil:ll¢lllL, nl d'c.%:llllt-i1% i_t(ih.hqllr$ A',,ii[ 1,1%

/llOnll4- I (IL' dil'l'lSrellCC_ ;IJ'l.dci;d)les. Nnus conL'IuoJI_ doric CIiJC h'_; OlJ_,;L'r% L'il t,,llIJt'l .il, (

le Idmnll tdlr;l_qhyl¢, ?krusillC (itudit_¢. n',)nt p;ir,suuli¢ll dl: pl(,IqcLm(..: ,h'_.'lal, ic, qll'.l,l[.lll
i 4'all,d i_ pr(_ll_il.

'ictfaclhyl Icad (1'1':i.)ha._ hec,l plodtlccd a_ mi Jtlllkll(i,.;l, :lJth!iv,* hi:

ra._()iine roi al)oul $0 )',':irs. *Iht m.lrkcLI !)olenli;ll il Ibc III ;ll,,I lit.
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Occupationa :'--¢I Cancer in a Chromate Plant

--An EnvironmenfaJ Appraisal- i'>,'-:.:

-_: ¢.
H. G. BOURNE, JR., and H. T. YEE, 3;'

Di*is;on of Indusfrial H-/,_iene, Ohio Deparfmenf of Heaifh, ;__.,,._
,. Columbus, Ohio ': ";

· 'iN 19.1g, Machle and Oregorius reported I the ments in oqaipmel;t ami pr_t-esse._ _ia;'e beth _{ '_· _- _
I crude devth rate fro' cvncer of the lu11._ amine: made periodically, du!'iP_z the past 18 yev. r._. a..,,,: [;_-__'
workers in seven United States lllants cn_zag'ed it is the univer.-,al experience .f industrial hy-
in the extraction of chromales from ore a'_ 25 git. ne p,u'sonnel il:at ff1'eater pm,.es._ efficic, ncy
times tim normal. They suI.H,rt'st that mono- is almost invaria!,ly associated with a more

l.e...ih,ul win-king environment. Therefore, therechromates ma5' be the compounds I'esp, msible. , ,_T t

· . With the object of adding to the krmwh, dge seems litt!e doubt that atmospheric cor. tamina-
of the role of chromium compotmds in the in- tion in the past was· l_reater th-:n ir, ear:y I949

'... cidence of respiratory cancer, epidemiologrical when the present work was commenced. Later
_,nd environmental studies were conducted hy iv. the same year the company initiated a eom-

- the Ohio Department of tlcalth in a single plant prehensive pro,'ram desi,;ned f,_rtker tn irc,.-
manufacturing sodium bichr(m',:ttt? fr(,m chromite prove the m;mufacturh,,lr efficiency and to re4uce
ore. A mortality study b'.' 5Iancuso: revealed the exlmsure ,,f the employee.q. Thus it it o:'i-

· that the proportion of deaths from cancer of dent that the c,:nee:ltrations which have been re-
the respiratory system to that of all employee corded do not represent a .-,a .... condition bur
deaths in this plant was 1-1.7 times that in a only the situation prex:aHimz d'iring t%e first
m,n-e::posed control group. The environmental half of 1949.
phase presented here was undertaken to aster- The mean latent period for respirator y cancer
t,tin as far its possible the specific chromium in the chromate produci?.g _ .d ..... ._, aCCol-din_'
c,m',pounds and matrnitude of exposure expert- to Machle and the German literature, is approxi-
cnced by workers accordin_ to their occupation mate!y !.3 years. Thus any present relationship
alia location, between environmental exposure c.::d incidence of

Although a maximum allowable concentration cancer in the plant under study must be predi-
' of chromic acid and chromates was approved 'a in cared on the assumption that the concentrations
. 19-13, the role of chromium compounds as car- which are reported are probably the minimum

cinogenic agents was not suggested in this court- values attained in the past 15 years.
'- try until 1948. There is no useful guide at

present by which one may compare the carcino- Raw Maferb[
genie hazards associated with exposure to spe- CH_O._tlTE (Fe0.CroOa), lime. soda ash and sul-
cific concentrations of chromium compounds, furic acid are t]m raw materials commonly
3lonochromates, as has been suggested, may be u._ed for the manufacture of sodivm bichromate. 4
the causative agents, yet the evidence is fral.r- .Typical proximate analyses c,f two South Afri-
mentary and one cannot exclude at the present can ores, '_ the ccunt:'y of ertl'in of the ore used
time elemental chromium (Cr'q. trivalent by the plant under study, are shown in Table 1.

'. rCr*a), ' or bichromate which also has a valence Table 2 gives a spectroizraphic analys,s of a
of +6. Therefore, the atmospheric chromium sample of ore dust obtained from the ore pre.=>-

'' concentrations reported are expressed in terms station department.
" of chromium ion, a departure from the customary
.;.' industrial hygiene procedure in which concen- TaaL£ 1. .,
.. trations are expressed in terms of chromic acid Pm_xz._i,?£ ANALYSIS TYPICAL SoUtH .,-_-"'_!CA.'2,: -'"_

(CrO:_). Adopting this method of expression Cm_omTz Oa£ _.
avoids the inference of implicating any specific r,_.,.,,_,

' chromium compounds for cancerous reactions. Country ('r_O m I-'ell At.O, ,_.iO-" MgO Cs.O . ':'

The plant in which this study was under- Rhode,-is: 51.1 11.4 1t.2 1.8 19-7 0.fl j
· . taken has been in operation since 1932. In order 'rrnn_vsal 4.5.6 .2&.8 14.2 I.I 11.8 t}"a_ i..f J

to meet price and quality competition, improve- TABLe 2. _'"'!
SPI:CTIIOf:I-'AI'IIIC ._.NALY._[.4 O}' A (_'.IfI',3MIT _- OR_

; []']nlTon's NOT£: This en_ineerin_ material, deal- Eb..mt.i.... ?,._-¢rm::,l_e"F.i.-.'m.,.nt Peeeent.mz_ '--
.. in_ with the environment, al haek_round ,leading to ,.,: : ;_:r:_
.. Chl'Orlliunl exposures, is to be followed by a report Alumin,m'. o.I--0.01 bg_.gne_iurn >2.0 _;;i '_ ':'· .- 'B'?

Cr, lcmm -.I --'2.9 Mam_ran_.c ,?.r._l -- O.@0' .:_._.}_:of clinical investil_ation. This report is not ira- Cadmium ? $,.,{i,ltn .'.)GO1 .

mediatt, ly available for examination and publication, t'ot-ah ,,., I-- 0.v,')l Nickel ',).0l--0.Ge..l _'_. ' _;2

While thc.se present, en_ineurin_ da[a enlbrace $ev- Chr,,._,ium ._._2 P_o_l.i',,'u. 0 ::_ .-4_· c,..,.... <,,._,,, I_,,,_ ,, _-} _':'i
_,.__

er:il t'hronlium compound.:, it will nut tlecesstlrJly Ir,,, u: -- 2.0 si',-on ._.l -- i.O

;:_,ns.lfull°w that all nl-',y act or act. e¢luaIly as cllnceri- Ih,ts._i,m; _ 0 Titan,',m%.sni_,ii.... <_0."91(,.r.,l-- fi /_)1 i:'_,'t ' i)}

!;!i
' :gi¢.
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SOOi BelDGI( ?ll[&lr SpLIt&TI[ IfIL.TEn IrIII&HINCI H_r0111AT[
.. IeI.SKST CllAIfS TAIIII la. ST TANK I_l IIIIXZN Lit · Kt_.l I1'.10 e_,ln OU?_ICS t.O_l

" Fig. 2. As. ,,-[,<. ,_,st .a,._, [tm '"'"-'-'-'-'-'-'-'_,:,_
Weighted ezposure &ccord{ngto ocpupetlons hey- Fig. 3.

.? ;ng Crt3: Crt o retlo of I or less· Sodium 51- Weighted ezposure tlccnrcllnq to occuoefion$ hKV.
chromate And Sulfate centrifuges ere known in cum- ;ag Crt::: C,'+e' raHc of I.I fo 4.9 "._1_

_.. pa", llomenc'dfur.., ,ode s,d ,."4,. be,Eet, re. [ _-;.-

;.'..
z. in Fig. 1. The values are based vn 121 samples "-'."

collected by the filter paper technique and ana- ' ,_o _. _.

Iyzed using the polarographic method. The rate ; o.,L, - :,..:

'... nf air flow ,,'as measured with an orifice-variable oi ! _;_:; :"'_J_' ;_ _-_;'

. _.._.-_:._

:'; O N. THE b,sis of ,ompanr employmentcassi- _' _:' fications, obsem'ation of work performed and c.=I _//> _c//_ .·:./_._v'/_/_'_. . .._ _._;_.'_i'_'::_:'_'

degree of expusure as e._timat_d by visual ob. .c,s?°at ,,.L._u-su_.f_tt.,[. "'L" a_._. _'*'*_e_a _'Xg_ <--'._-_"=
: servation, thc 128 production workers were Fig. 4. ._.,._'. _,"'-_:::_-

_rouped into 21 occupational classifications. One WeiCO.ted ca,clare Accord:n,; fa _ccu_.a_'lors _avo '_1m' more representative individuals of each occu-
pation were then time-studied fut- eight-hour ;ag C,-_: Crt'" ra_;. of s., _-.0,, ¢g._g.r_'

periods, and the data so obtained were applied potenti;:lly high degree ,f exposure. 1: was _.__
... by. a method d_cribed in the literature u to arrive deemed necessary, theref-re, to time ..e:udv. this _?::

at a weighted average eight-hour daily exposure, group its thoroughly as the pr.d':ctinn ::'ork:-r;. '°_'_

From the weighted exposures the ratio of Obviously. the nature and ;,<.'.,ti,,n of :'epr, i,' _:__-_
Cr+a:Cr '''; was also computed fo!' each oecupa-' work is n(n-renetitious and must be performed _

· _-.:_._. tio:tal classification, as the occasion demnn(l._. A time _:ud:.' s...'nilar :.._,...,;-
On the basis of Cr+a:Cr+. G ratio, the 21 work to :hat used far production w,.rke:-s '; ;':-_:_'-

.. cuu,_, no: :%._._._.·
"clas.qfic:ltions were sorted into three groups, be properly applied to m::inten;mce personnel: _:"_-c

.'. Group I has a ratio 1.0 or less. It contains the hence ii dit%rent approach became,.necessa_'. ;:_:_· individu;ds processing sodium monochromate L';inI: the c-,st of m::inten;,::.'e ;.:bur ever a

' and bichromate liquor and those required to years t:r,-e a._ cimrt_ed 'o eavh depa,':me:-t by ,:_.._-
';- w,u'k in close physical proximity to such oper- the companv accounting office th_ average man- _:}_,· . _:__-..7
·_. ations. Their exposure in total chromium is hours of ma':ntenance expended in el:th da._art ..... .._,.-· _,.s,_. ;..

shown in Fig. 2. Group II with a ratio greater ment per dav were calculated. Bated on the _:,-:_-:_'_

th;L,t I and less than 4.9 ,Fig. 3) appears to r_'ords of the main+.enance superintendent and q6_._%.
have a distinctly dual exposure, i.e.. sodium mono- types of T_roeess e, luipment repaired and ins':dled, _;[.; chromate and ore dust; shippers {.bagging. load- m;m-houys m;:intenat:ce ;'ccnrdin_ t.*, cr._.f:s wer.,
i,tl_ are exposed to bichromate and ore. Group lhen a:'eer:;dned fur (-i,c'.'x.de!,artm:'r.L Sin:,- _im _j?2;_-'

' II1, whose ratio'is -1.9 .r greater tFit_. 4;, char_ed to ;. specific w-rk order rn,.i_..ht i:.vc.;'._. ;_·__"
' cumln'ises uccup:,tions primarily exposed to tri- w,,rl.: i?! I,,t!i ,.he ;,t::r: and '_',. m..,i::t..n::m.. _;_;,_';
.. vale:ti citr,,mium. It should be pointed -ut'that .... "?_:;'_'

.-. x:hile thc aVel'lil._t. CI"_:::C.F '''; r:ttio f,,r all kiln ..... -TattLe: 4.
·. ,,p,,rators is 7, for tho.-e whose work Iucatioq [qSTR.:.';t'T;"."; ,:1,' 3I._.[N'T1LX.,:;, 72 TI':?. g'5' i'_'Ai"?S ;'.:_j_;.4_:"
'" . - ........................ '_-" 7.7..7
... ;,dj.ins the filtering department it is 1..I. There ..... ',., .; .... : .,. f., ..,..._; -_a:f,,re. th(.se

particuh_r operators migi_t .be in- ''-',.':T......... :.:,,,-.' _.._;.._z
_' dmivd in Gr(,up II. c=,r: r,,:'.,,;.:i:, i......... _' '

r. Distribution of Maintenance Workers' Time w,!;,.e. ',_,'- '.... :.h,- ', · ;'- ;,. -,- _,, ';
?.]e<'tr ,¢ ;.,:- : _'

' ' ']"llE '7i; nl;.Lilltelt;ince 'A'ock(:Fs C(lt:tlq'ist'ti ;ipllV,,xi- %!i,r._,.:Li:- ';.
:. nlately :fliP, ut' the rural id:tnt l_el'sonllt, l, i.,:.,.,i:t,,. ! . ". ; J_'-;

:t:td ,b.,-erv;tti_,l -f the (.,::tiiti.ns under whict_ ,.,.:,..-. _.p_.-
'; n_,tc'!: ,,f their w(,rl: was p_.rfurmed indicated n ,-:,_..... :'= ': _,;,.}i.?
.. -- ..... ............

· ._ - ., .?-.-Z,_,

....,.*-" _,-_/,
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Imihling, further adj::_tm,'nl._ wcrc _ccc.,_sarv. saint,l?< i:_ thy c_,ur_, -f maki:-iz ¢',m;r,,l :m.,Iv._e, : ._,_,t- :
itl 'l'al)ie ,l tilt, time distvibuti_,n of fi,:e cr:_fts und,nt,t_,diy acc_,;mt fi-' th, hiizh,.c c×p',_ire ... ,,,,e.,,,- =-

;tcCul'dilll, r[O _c}t'cLed de!aarlments is .-;ht)Wll its Of {;l}}Ol'lliiq'y p,-rs_,m,ei . T:dAe 6_. . t o.-..,,:., .',' i

Itn ,example. ConcJuslons _ P_'_':"_' 'M &e M i',l&._ ii

Exposure o( Mainfenance Wori, ers ALTII()U(;II the e::virenn:ental invc_ti;r:t:irm {',r{- c_,,,..-..... ·' :-_-

UNLIKE production employees, m:tinten.'mce sented hr,re pertaill_ to a sin{:]_: plant, it i. l ..... :,.., l_workers seldom wo,'k under nol'mal conditions believed that the conclusions that frlt<_w may be _ f_,,c,_c ?.
in it plant. The work necessary to complete their applied to other plants manufacturinl.: sodium rs;.*, lo- c_.r_::· Ms)' II. 19'2,;,

assignments almost invariably results in ab- bichromate from chromite ore. _. C,_,L-_. r
normally high local exposures. The phmt under 1. Where unit operations are not i._olated or

[ study ix no exception since it was observed adequate dust and mist control established em-
huge volumes of dust were generated during ployees may be s_l,jected to a dual exp,sure,
the repair and cleaning of dust collectors, process i.e., trivalent chr,,mium (chromite) and hexa.
equipment or building structure overlaid with valent chromium _ehromates). In the plant
an accumulation of dust. It is thus logical to studied the predominm_t exposure, based on both
assume the maintenance group receives, in most magnitude of chr,,mium concentration and num.-
instances, a greater exposure than production her of employees, was to the trivalent comPOund.
workers. 2. In the plant studied, all employees were

In Table 5 a minimum and maximum weighted exposed to measurable amounts of chromium.
The lowest concentration which is c::rcin,_en-c.

T_U_L_ 5. ally significant is yet to be determined.
1.2xeosu_.t: or 3IA_x?F. XANCE E._PLOYE_:S I_Y Ca.tiTs ,q. Observations durin_ the course c,f this stud).

convince the authors that the care!nom.,eaSe hnz-
Weighted A'.'ermt_ s [_our

Exl>osure.mlL.'m'_Total Cr Cr-_-':Cr-F' ard in the chromate throduc:.:'g industry can _e

(',.aft Minimum Maximum ratio controlled successfully by utilizing _ndustrial
Hand)' Men 1.IS {._" ._?.S hygiene engineering moths,ds employed in the
Mill,.vright-,_ o.66 .',.aa _.g safe handling of other toxic chemicals, i.e.:
MMntena_c_ Superir, tertdent 0.55 2.13 4.5 ¢a_ Undertake thrc,'.:gh adequate vet. ti!arian
Eleetriciuna 0.4,q 5.67 3.0

,_s,.,,,,_,_ 0., _._a o..4 the control of dust and mist with the ul:imate
-_, Painters and Itigge_a 0.4 ° 1.32 4.3 goal of securing the minimum concentratio_

Oilers 0.4{, 1.94 2.2
ri,,_t:¢_ 0.._s c.a_ __._ consistent with good engineering practice. Re.
c,_,,_.,,_, 0.2_ 0.4a a._ moral of toxic matter from air exhausted to the
w,l,,_, o..-a 2.__0 4._ out-of-doors is essential to preve:-t a neighbo,.
Afachinia_ O.Ol O.l:J 6,0 *

_-, o,_.r _._z hood pubiic health hazard·
average exposure derived from time study and ib_ Isolate dust and mist c_ntributor:.' cpe;.
concentrations, as well as Cr+a:Cr+'; ratio, of vtions, and mechanize where pra:ticahle to re-
maintenance employees by crafts are shown· The duce the number of emplv.'.-ees exposed.

)_ minimum levels are based on average depart- lc) Provide under positive pressure uncsn.
.I,_ mental concentrations measured under norm._l laminated air to l_ersonal services and pr_es._r/ ,,?, operating conditions, and the maximum levels are obsess'aCtor, rooms (,r Ir,cate such rooms in un.

t ' . .,reported on the basis of tb.e highest concentrn- contaminated areas.

}_d__' }_¢ _,,,_.ti-n recorded in each department· ingftl_desilznInsureamig°°datle,lm:: ¢h,,.i._,.k,.(.!,[ n_ja..,.i:orl_Yst.r:.ices,p'': >er b':)l_. ,

_,_'PA_ _' Exposure of Adminisfraflve and Technical Personnei te Educate emrl<,>'ees it; pe'.'s_,,:ai kY_!:-r,TH£ administrative and technical staffs to- and acquaint them with provisi6ns made for their }
lY · gether constituted only a small minority of safety.

for the remain- I f_ ._upply personal ,-,:spirat;:,r.v pr,.re_tk-._ }the plant's personnel. accounting
in,,.' 21 of the 226 plant employees. With the cleric, el approved !.y ti'.(- U. S. g'u'-._,u of :4i:/..s. _.

exception t,f the plant superintendents and 4. Establish !ab,u-ate,r:.' f.'.cil'tie_ and ;:_.'.ide
supervi:m's, this group's work was largely cat'- tecimica! posse, ns.el to .,:r..e,_,ure th( ...... o ..... :_..

· c, .m::,m ,,,,.-,. C'_rrer.:ried out in an office buildinir situated nearby of air-borne chr,,mi,:..-n , · · '_· t

the prt,ductimm buildinlzs, and it is believed their kr:owied_,e ,,f -'.':,c ,ic:,re,, ,,f ;,%m,,,._,.;.eri: _'.n.
exposure ix the result ,f infiltrated ail' and c,m- taminati,,r_ wiit.[.¢ovid.: :,r: !z:d,.x (,f *_',. _' -
taminatcd apparel. Grinding and }lantllilllZ iiess of !i:c c,,n:r,,l rn':'::.':{:'-'_ :_- u'ei; :;> direct/x;. 3

;tttention to s,,urcc, ,,f l,,'.'!_aiv_: :hat have be_..r;

'i',xaLS 6. overlooked.

}']XPO.qUIIE iH-' ADMINISTRATIYE AND 'I_ECHN'ICAL 'As'K.";O_,VL._.,_;'.!ENT:This proj,',': ;_"-,s s':;lr:,-t,:-,t _[
· -_ a- ;t_,r-P. 1

_E."ISttN*NEi'. bra roller's' c_'":t.;'.i :tar.: f:t,,'4l t?.o "' *' ' (';iE,".?
......... ' ................ ln._t!t'.:t,.'. I'. S. I':IL!i.' ? ;tit}: $"':'i, .'. ("_,.½_' {

W,.i}..hIL-IA,,.{;,,r,. - Il-ur t':':.:':_.';-" 'ru,,_l.&$ t'. M;Ni t'.-,'. '-'.1 .. Pl,,j,-c'. D.'-. :;1.
({_'t'tlJ_[ll'll _';\_,:_'_llf't', ffll_ fil.t Tl_ga] Cr rlti{_ ...

) s-;_,_;i_t,',,,t_,,,.... I,, :;.:, Re{creates :{
_ }']al*{ _,tlppw-vi.,,r_ H._2; 2%*;_ 1. _l_,l {{l_, ¥,'. a:_i Err,,-,.' -. {' ' ' I'l,, *.o ¢ :!it' I_.,._.ip, _ '_

I IfiiCt' Work,,r_ ,,.{.; 5.1* t,,ry .%v,_tom i.: i t , 1'. S. t :.-,- ,I,-:,'-:'_.'m.' ;' ' -:--,.." p_.,.

[.ai,t_r&t_ry[_c_,,:,lt,.I {LOT li.O lifo/th _rl,,,rt:. *' ::: 'I. ._,:y ,._. 2" 4-.

i
1

t

2::i



.' \'_,l. l'.,. N(, 1'_ INl_L'_'l'I:lAl, .MEDI('INE A,_z) SI'R(;}-;i"_ !',_!/, .;,;,' _,

·. .' MASH I'_. T )" : "lh-ellpaLIHr:ai r',,._.r .N.r_Py icl Uh;,,." }',,:._,,IrrnT,hie NWcr,_h.I·.._lif,;_tt,,. ,.! _ n,,., *r,i , _ .*_ _(;
%.',,r:laf_ ['_lhtle }{rn[lh A_oclP. lll,n. .%','w Nl',,4k. L)rtdd*a'r. 1949 _41*ll.'' .i,.ta/,¢F,r.l ( _,. _ ._r¥. '.'.' 47.* _ll/'_' '"','

,\rlla.rtellh ._ta:ldlrda A_**_'I_Lii,IN' ".%lklwtll,ll* _.'onrl.l_trRti,_n a 141ll_ I·h_.._i,*_I _', _15,_._ ,-_' _. ,, . ._ ' · , :,,_.1 ,._,.
'. ,,f I')_r,.,,_c A('_,l ._,,I (').r._nte_." .4m, r4r,_. ]_d_str,_l ,ll¥_q,.,e t'hemirllk.. Th,4r __'.-_ ar]! T, 'hn_., !'.,.;,, ,,,_" .-, _ .%

_f,,.t_.rd_. Seril._ Z17.?-1:'4_. _0 ]'.:. 45th _trp_t. .%_._' Yo_ '_. 1!'41· 270 Madison ,Jk_r.. :_,.,. Y,.-k

%-' MltcMillGfi & C,,, Ltd.· t.ondon, I94,;. crrrninatJfin ,_n,i [*t. ntr. I of l:),i_jlr]_,. _ [J _t." i',,),,'*_ /l'(,,:;:.
_. ACI,E_. k·. and _OWLING. (;. [".; "{_'hrolr_ ()re &nd ;lut_,ll#, 217:,_:1. A_eil. 19:$5·

('bp. miata." Imperil} ln. Litute. Mineral llt-_ouree_ Department. Io. Ilnt!ll.*,R. I1. (;.. and W:'_.I._t:¢. J, A.. ",_'._11 htr }",ow

" l,ondon. I.'140. Mrlaurement with O¢ifice-Vl:'tAbie ?kl_ lb(*-:er." i;,,tf'a .J &
r, [Iot,'l.w_. It. tr.. and SrRItl:?. L. p.: "The Lf_e of FilLer t'rNt,iaLi._. 47:77. April· 1_Sll.

· i'&per for CoUagv-ine Aero.ob." Pair. a, T_de Jmae_41. 150:19. 21, I1. United States Public Hea, ith S4_rviee: "lSiiiex'_i. and L.e_,!

'* May I1. 1950. laoisanlnl_ Among Potteey'. WorkeM." /'*abli¢ I_'.':.lr½ B.a;."_,t_,.

" 7. U_to.'qs_ P. F., DIIUSCI.Ir,,L, Id. Z,.. and A_olt'l.q.H. K,: '"T'_e _-44:_,.q, Feb_ilry, I.q._l.
,L,

._o'

: That Tired Feeling
L ' _ HIE: ST._T1_:of being tired is experienced hy almost everyone aL some t:rne ¢,r
' J- other· It is a r.atural feeling at the end of a hard workinr day. but one :.;,at

',. is supplanted with new enerl_' after a refreshinl_ sleep. The fati_ae :hat i.,

always pre.,ent is the fati_e brought about by a long period of overwork, or '.a:e

hours with little rest, or meals that do not provide the fuel necessary :o maintain 'i_
-. the machinery of the b_dy. The maximum of production cannot he ob:a.;ned frc. m

· ' long hours of overwork. Efficiency is lessened to tile degree that a worker cc.--es

· ' :o his job aa tired as he left it the night before, The physical fatigue re_uh:r.z
'.' ,:rom overwork, either mental or physical, is responsible for the raying "too tired

: to eat." The body needs _uel. it needs to replenish it_ stock of energy wlrh ener_y-
·' producing foods, and this can be done by means of a well-balanced diet. Se:ar

is needed to combat fatilrue. When the blood sugar is depleted, many ¢a_es of

fatigue and tiredness occur, even to the point of collapse. Numerous tender!one

' stem from fatigue. Again fatigue may stem from various diseases. 'n,%¢:i_,r..

' improper hygiene, too much mental effort, inidequate nutrition. Many accidL..-.ts
;-an be charged to fatiEue. For that tired feeling in the overworked per:or, a

· change of hours is recommended. There should be & shorter ;vorkin_ day ar, d a

brief spell of relaxation, as recreation is important. For exhau_tlcn in a r.e.'-vou<

person, it has been found that eomple_ rest in bed aggravates rather :ban re-
lieves the condition, particularly for chronic nervous exhaustion. Such a per._en

;hould be encouraged tn carry on consistently fr_m da.;' to da}'. if only in a

limited way. In _ent, ral. however, rest is the host treatment for ail ::.'p<._ _f

fatigu(.. ;_hy._ical activity should I,e decreased aa much as p_s_:.ble, aaa s_h
stlmuhmrs a_ coffer., tea ar,d '·cokes" should be abandoned or, at Ica,r :he us-. of

ti;ertl c'2rt-',ik, d. Consul: -.',>ur doctor. He is the person to inv.-at,cate t!:c rt-:s .."._

i,r y,.,ur fatil_ue. If a ;-landular disturbance is resp,)rtsib!e, he will deft.ct it.

Se!f.medi,:atiun won't t;_'p. Let your doctor lead you into a hala._ced socin', ar.d

business way of living. The fatigued person is one who, in his tired state, c._n-

tributes little to his own enjoyment and nothing to that of any one ,.l_e. Tr.'ne

;,asies too quickly _.ahe too tired 'to enjoy iL.v,intero4t.
--_:d,:eationn: :',,mini.v**.. lllim.i4 ,_%11,.' M-,_ea: _eiet,.. //,,./fa T.:q N.._e-_._ . : _

?



APPENDIX V

Comparison of Risk Estimates from Mancuso Study
and Inhalational Bioassays



In earlier coc._'-nts Li{S _.a5 atte;;._teC _o est'--_ate w:.e'_,er 2enter ri_-: -z-

timates based on an!La! bioa$says were cc-pat._le -'-th tt.cse casco z.'.the

results of epide-_olog_c investigations. _n thls instance the anizal t_saays

from which ester, ares of dose would be der_;'ea - _.e, t_.e [n.'.alatizr. stoa'=_ --,

showed no significant response azong exposes ani_tals 'watk t_.e _cssible e.'_-

eeption of the study by I_ettesneim et al., _)7i. See below.) Tkus, -n _.-cer

to compare t_e results of risk estlnates Oetween _pecles, one wculY k:_'.'e'_:

calculate the lower confidence interval of tr.e slope ;rec:ctea zy '-ne

epidemioicgic mo_el and compare it with statistical upper confi_enee 2--__t zn

one or more of the animal stuCles. Unfortunately, none of tko a_-.'.._alsizzles

was conducted _n antic_patlon of a risk aasesszent an& the ci__t_. _._- .-.:'-

reported in a forr_t readily usable tcwarC that en_. i_.e innal=-t-cnai az_a-ca

are summarized in Table A-V-1.



TADLE A-V-l: CAtlCERDIOASSAY$ FOR

ClIRO_IiUH COIPOUNOSAI)HItIISTCREO BY IXIIALAT IOII

Ourat ion

1 2 3 of Ihmber
Study Compound FIHAD 4Jm) Concentration (mfj/m) E._x__:_.Ljrce. Anim,M._ Expo?ri Results

3
Bant jar Mixed chromate 0.8 a 0.6-1.2 /, hr/day, Strain A Mice 241 II.S. , although et

at., 1959 dust 5 days/uk for pulmonary adeno_r_as

16-/,6 ulcs appeared at younger

noes.

3
Onetjer Mixed chromate 0.0 ct 0.6-1.2 4 hr/d;_y, Suics Ilice 140 II.S. , otthough

et at.0 1959 dust 5 d,ty:;/,k for putmonnry aden,_r_q:;

39-58 _ks appeared at youngc,r

ages.

3
0aetjer Mixed chrc_nnte O.O D 0.6-1.2 6 hr/al;iV, £5?fit elite 111 N.S. , althour, ih

et al., 1959 du.;t 5 cl.ly:;/wk for putmonnry ndenomr_

41-6;? uk:; Appeared at younger

ages.

3
Onetier tlixed chr,,m_te 0.0 ct 0-13 1/2 hr/d,ty for Strain A Hire 36 II.S.

et al., 1959 dust 20 ukn

3
liner Jar Mixed tJil'l_n;it,_ O.Ji J_8-13 1/2 hr/day Jar ',;ai:;:J Hhe 25 II.S.

et Al., 1959 dust 63-5? ul:_l

Bant Jar 111xeclchl-(dmltl, 0.0 ct 1.2-1.7 4 hr/d. ly, tliK,,d G/rain 100 4 exposed rats dc,

et al., i9';9 du:;t 5 d,yrl/ifk i'nltl (iii,ilar/ veloled [ymlJlonnr-

f(_t' IlJl t(I Fh'Ci)ilkln) comn..I verGuq one of

151 tJt:,;k,,; of L_5control r_t!;

(_Jt nee L_,tn.)

I,,,t c,.)
I

3
:.lwtJJre* ,.,.I IIIx,',l _hl,#.,,I,- Ii.il J*l I.(' ;'.l 4 ', hl/,Id¥, til.141r I'illt; 7_ Il.S.

Ileal jer. 1965 dtl?:l /e (I;lyJ:/ul, J_Jl'



TABLE A-V-1 (cont'd)

Duration

1 2 3 of Hurrber
Study Counpocn3d MHAD ()Jm) Concentration (mg/m) Exposure Anim31s Exr_.s.c_. Results

3
Steffee and Mixed chromate 0.8 g 1.6-2.1 4-5 hr/day, Rabbits 8 H.S.

Boetjer, 1965 dust ptus 4 days/_k for
chromate mist 40-50 months

3
Steffee and Mixed chromate 0.8 a 1.6-2.1 4-5 hr/day, Guinea Pigs 50 U.S.

Daetjer, 1965 dust plus 6 day:;/wk for

chromate mist 40-50 month9

Nettesheim Cateium chromate _ 4.33 5 hr/day, C57BL/6 a272 Authors reported

et at., 1971 dust < 1 5 days/uk for Itiee 14 adenomas in

life exposed versus 5 in
control animals.

Statistlcat _Igni-

ficnnce is indeter-

minate (See text).

1. Mean ma_;s nerodyflomlc (linmeter

2. Concentration n:_ chl'(_mitl,

3. Iio 61gfli(Ic,nt Incrcm'_o in lt,,hr incidence) In eXlm:_e(I vernu_ corltro[ nnlm, l_.

I



The r_s_lSs o" tn= _loas_a,'s conducted Oy _a_._jer 2t a! ("-_' - .......

in a variety of ways (zncluGing percentag_ cf r,zce sur';i;lng to the =-.-.-_-_ ''_-_..

experiment with lung tumors, average nut.Der of lur.g tu-_crs in tu.Dor-bear_.'.gat.2

all surviving mice, and percentage of tumor-bearing mice with =ultap _.-....!.no

tumors), none of which would allow a calculation of tt.er.ur.Der or _.ercen:age of

experimental mice at risk that Cevelope_ lung tumors at a giver, dose level. F;.-

the rats in this experiment, 4 of 10C exposed an!_ta!s de'ce!ope_.iy-=nosarcc-=a

at various sites, w_ile 1 of 85 control rats mid, a difference w_.ich -a r.c'

statistically significant. However, the authors noted :t,a',_ "ex.zerl-en:_ were

not designed to study pathol"ogical changes in t = tissues other t ' 'f.. ;.5.._:.%

lungs" Thus, limiting the findings to _ath_!oglc c.-.ar._es_r..t.. _u_-.gs,...er=_

was one !ym-_ncsarcoma.originating ..._the lungs o__ =n ex z=se- rat =-ha n_-'.e_-.

the control animals. Since spcntaneous!y occurring !"_-.zL?aars----._-_ _ : are r._'':-.-

comr_on ...._ rats, _aetjer et al. (1959) repeated the =.:__.=-ir_ent'-.e_r_eC_ -.-

Steffee and Baetjer, 1965).

In the second study, Steffee and Baetjer (1965) were unaZ!e to r__._.a_e=-s_'_.he-r

earlier results. Un,er similar exoerlzen_al, conditions - of -_ =_.':p_-e._=_ _la-_=-

rats Compared with 4 of 75 controls developed !y-_,osarco_as in;':ivlng :ne

lungs. It was not stated whett_er these were _ri--ar]; tumors cr Dulzcr. ary

metastas_es. T'r.ree exposed rats developed = :'ê _...... ' ,-' __.==,.,. acer.c-__5, wnl e '- :

controls did Steffee and Baetjer (1_65 _ a_o e>.:-..ed ei_nt ra.:-'._

chromate must, none of w,_ich developed any pul'char-,-tumors. Cf flf:y exam-e-

guinea pigs, three developed a!veologenic aCenczas, co-_ared "i.t. n-_r.e_.-.c_n-

trol animals, w_,i!eone of each group _ad =-l','mDt:csarco-a'....,_"_'2, '_= i'_'._a



Flna?,]y, ,,et_e_._e_m et al. (1971) reporte_, that Ce['DL _ m_ce ='--

cnro_,_te for 5 hours/day, 5 days/week for _ife _ "_ _ _' s,,c,.e_ an increased -nc'-en_e '.,.

pulmonary adenomas and adenocarcinomas. ?his conclusion was _ -- r- the

·_!gn:authors' observation that fourteen anir_als exposed to calcium chromate _.o

females and six males) developed adenomas, whereas only fi%'e control _.i- is

did (two females and three males). As noted on page 48 of t_e main text cf

this document, the conclusions of Netteshelm et al. cannot be conflr-_ed fro-_

the reported data. The authors' statistical _ho_olo_ was n_t re_ortez. -'e

denominator--numbers of controls and exposed ami-als at risk--cannot t =.

precisely ascertained from the published report. ?_.e experi_enta! deslgr, in-

volved exposure of 1 ,090 C57BL/6 mice in 2 inhalation chambers _-5 -ice, 272

males and 273 females/chamber) -ll t._e mice in one ct.az.Der were _r.fe _

influenza virus two weeks prior to the initiation cf calcium chrcraZe ex._csure.

. - " r _' atHal _ the mice in each chamber were subjected to 1C0 - wi:cie-body x a _ izn

_s_,-b_-o.. of the _.rraclatlcn pre-four weeks prior to exposure. T_e gender d_ *-' .... -

treatment was not specified: One might guess that rougkiy equai nu-,Ders _f

·males and females were irradiated, but the exact nu__ber5 of c_-_o--Iu- - ex.Dose32

animals not subjected to either of these pre-tre=-t:ents were not re zcrt =-

Furthermore, at 6, 12, and 18 months into the experiment, 15 mloe (pre-

treatment status and sex not reported) were rezove_ fro,- each: at.a-.e. _o

microbiological testing and histopathologloal investigation. 7...e- '-_ four

percent of the animals that died Curing t_ exper:zent wet _a..ni_.allz_ _ an_

were thus unavailable for necropsy (distribution between control versus expose:

animals and pretreatment status were not giver.). Thus t_.e nu'-_ers of a.nl-=_ls

exposed only to calcium chromate dust and the per:c_s of exposure can 'e -_'-

lectured but not identified with certain_y.



Other difficulties _.'it_.t_._ 5_.oa_say ir'......_t_._ the '_ 'z.-.g

1. During t,he first half of the experiment tt,e mortality rate _f :ne _-_n-

trol mice was substantially higher than that of the cnro-_iu-_ - ex,se-

mice, attributed by Nettesneim et al. to an epidemic cf "urcger. lta'

disease" in the former. Until about 70 weeks into t._,eex_arz=er.t _?,e

cumulative mortality of the control mice was about t_'ice that cf '..'.e

.r._ _-az--_.me.e _.-._ytreated group, and the cumulative mortality c':-ves (' _ _ -

reported graphically) crossed only after more .....:.=-..,_'_ wee-:__ _'_

exposure. No data on t_e cumuiatlve mortality _.'y fencer were

presented. Althoug_ ;;etteshean et al, were -"ar.=,= of 't.e...-..-t"-*_r--_",

related earl}, mortality in the _on.,t."_-l_,_they _i_ r._t _.crre_: f_-r .:

in the statistical analysis.

2. Both aiveologeni¢ adenomas an_ adenoca.-clno-a_ _ "er_,= re_r:eC -.= .'.ave

occurred. However, t_e distribution of these tumor types _}' fencer

and by exposure status was not reported.

Thus, for purposes of cancer risk assessr_nt, the s=udy of _,ettesnelr et =-i. a_

clearly inadequate. However, to respond to the reques'_ of SRP =e-=er lt. Jc.'z_

McCann to evaluate the _o.,.pa.lb.!..: of risk - tl---_es _=-

tion versus human studies, PHS staff mca:ers i.ave selecte: '. ".e '-_,

because (i) the number of exposed anir.als "_.,_ciar_er~ t]_an -.t any cf '-ne ct:.er_'

(2) t_ere may be an exposure-related increase _..':-tumors; and (3) 'r.-.= er.:r.--s'

exposure lasted until they dieG, whereas t..._ctner a_ove-..-o:e: exzer--en-._, er=.

terminate_ prior_to the aezise of all t_e animals, j



To calculate npper confidence intervals for rlsr_s frem this stud)', 2ES -:if:

member_ did the following:

(1) Assumed that the number of animals initially at risk in t._e ezperi_-ental

and the control groups _as 250. (1,090 total mice minus 545 infected wlt._ ir.-

fluenza, minus 545/2 _ 273 subjected to X radiation, minus 45/2 _ 23 seriaily

sacrificed during the course of the experiment· Host of the latter were

removed prior to the appearance of the first tumor in either group.)

(2) Corrected for early mortality by subtracting .. _m tn, r.'xz_ers c. -r.lnal. __'-

_. ._. _. -_-r.sna _Sir._=.risk those that had died prior to the appearar,ce _ *_= ° -=_

t_e cumulative mortality and the time to first _"n.. "ere p. ea_r.'e: ir.

esl form on!y, *_h.s_correction was of necessity somewhat crude.) Correotez

numbers were 164 controls and 222 exposed mice.

(3), Combined tumor incidence for both sexes in each group, s'-uce t._.ec-?ulative

mortality data were not displayed by gender. Total numbers of _-.i_is wltn

tumors were five controls and fourteen exposed mice.

(4) Calculated average daily dose to be compatible with the :n'_-_ncsse uni__s

used in tn, ris_ assessment as follows: _.3_ _-g/z' x 5/24 x 5/7 = .66 z£/- _,

.r..fract-or,al C=_ily -nc _'eeX_v ,::-where the latter two numbers correctfor _ = _ ' ,

pos;Ares of the animals. Since there are only two cos, groups (control = 3 a.-.-

exposed _ .66 ag/m3), the dose-response _.....,_. ..__...._._---=-ar._tr.,_2..-e__.....'_e

curve equals the carcinogenic potency.



_j Us_C thcs.- ','_]ues -n the llnear_z_-: mult':stage mode] of Cru,.-.p_-r.:-._._-,

GLODAL 52, wh!cn ca.lculated r,_ax_m':mlikei_noo_ ester, ares and 9;_. u_-e:'_ _-.'.-.

fidence intervals on the slope of the dose-response curve.

^

The maximum likelihood estimate of the slope (q) is 0.052 and the upper 955

confidence limit (UCL) on the slope (_*) is 0.11 (mg/m3) -1. Converting to
l

nanograms gives a 95% UCL of 1.1 x 10-7 (ng/m') -1. To comDare *_s ....

dose-response curve derived from the Mancuso study, t._e lower confidenoe 2a_-it

on the SMR was calculated using method of Liddell (_984). This yielded a

slope of 9.3 x 10-6 (rig/m3) -1 . Thus, there is a difference of a!r.os% two '.r-

ders of magnitude between the lower confidence limit cn _he slope o _ '_e risk

estimate derived from the Mancuso study an_i the upper ccnfldenoe lizi% on tn--.=

derive_ from the largest animal study Dy _,ettesheim e_ al. As no_e: in _e

text of part B, t_is discrepancy may be due to a variety of factors, _ncluclng

differential species sensitivity to carcinogenesis, differences in dellvere_

dose to susceptiDle tissues, and so forth, it is r.o_ posslble r,o _rovi-_e a

compelling explanation for tnls discrepancy.

* The SMR for lung cancer in the P_ncuso study was 7.2, based on 35 c-_serve: c_=-_ >

where 4.86 were expected. The _otency or sio_e is 1.4_ x 10 -5 (ng/-_) -_ (..F,-e
section 8.3.6 2 for calculation.) The _ =" t . -· -o._. Il--.! on '.he S:{R o_ta_r.e _ :y .-._

method of Liddell (1984) was 5.0 and the corresponding potency on sic:e was R.] :,:

10-6 (ng/ma) -1.



PART C - PUBLIC COMMENTS AND RESPONSES



NOTE:

All information which was submitted as supporting documentation for
public comments on the draft Report has been forwarded to the Scientific
Review Panel. However, in some cases, supporting documents have not been
included here because of their length. The cases where this has been done are
indicated in the report, and where a summary was provided it has been
included. These documents are available upon request from:

Toxic Pollutants Branch
California Air Resources Board
ATTN: Chromium
P. O. Box 2815
Sacramento, CA 95812

ii



D
IT CORPORATION Aprl I 29, 1985

Mr. William Loscutoff
California Al r Resources Board
P. O. Box 2815
Sacramento, CA 95812

Dear Bill:

Subject: Part B "Health Effects of Chromlum" Report

On page 25 of the "Health Effects of Chromium" report,
dated February 1985, the EPA Model, or "crude" model is
described.

B = [(R-1)XPo]/d (1)

where B = Potency per Unit Dose
R = Relative Risk of Cancer

P = Background Mortality Rate
d = "Lifetime averaged exposure concentration"

Subsequently, P(L,d), the "excess Ilfetlme probabilities
of lung cancer for a glven dose Of chromium" is defined as:

P(L,d) = 1 - exp (-Bxd) (2)

If I substitute (1) Into (2), I get:

P(L,d)= 1 - exp [-(R-1)PO] (3)

which is Independent of dose.

I think something needs to be clarlfled here. The units
of "potency" and dose seem to be different than In standard
usage. There Is an ImD!Iclt use of dose In determlnng R, the

relative risk of cancer since that wlll be dose-dependent.
The problem, however, p_obably lies In the use of "_ to mean
two different thfngs: !n the first equation, d and R are

CorporateO'_ce ,, '.2'"

ITCorporatiOn *23456Hawt_rne Boulevard *Box2_5 *Torrance, C.altIornia 90509 *213-378-9933 '_' ,._ ._.
L-"'



Mr. William Lcscutoff

April 29, 1985 IT COn, ORA?ION
Page 2

used to calculate B. The best estimate of B is then used In

the second equatlon to predlct an Incremental probability due
to some observed ambient chromium concentratlon.

Incidentally, when Bxd in (2) Is small, as It will be
for airborne chromium, the power serles expansion of the

negative exponential will lead to:

P(L,d)= Bxd (2a)

which is linear In dose. This really is the model I think

you end up with on page 28.

Feel free to call If there are any questions.

Very truly yours,

R. Nichols Hazelwood, Ph'D.
Environmental Affairs

Director of Programs

RNH:vh



AIR RESOURCES BOARD
1"1020 STRE[T !

.,,¢AMENTO, CA 95812

June 18, 1985

R. Nichols Hazelwood, Ph.D.
Environmental Affairs
Director of Programs
IT Corporation
23456 Hawthorne Blvd.

Torrance, CA 90509

Dear Dr. H_ze_w_:

iu-. .
_- v Comments on the Draft Chromium Report

Thank you for your comments and suggestions on the Draft
Chromium Report. We have referred your comments to the
Department of Health Services (DHS) for response. Your comments, _
their responses, and this letter will be included in Part C of
the Report to the Scientific Review Panel. We will send you a
copy of that report.

If you have any questions concerning this matter, you
may contact Cliff Popejoy at (916) 323-8503.

Sincerely,

William V. Loscu_off, ChiefU_
Tcxic Pollutants Branch
Stationary Source Division

cc: Peter D. Venturini



5{cCT_rh'TOCK. FJI_IV_Y. BE_SHOOF. ROCHEFORT & %%'ESTON
A_rolq_-_-s A._-I) COL-_SELORS AT LJ_N%' ._

611 _-IEST SLV.I'I-'I STIt:;*,..F_ET SU]TE 9100

LOS A.."_'GEL_'.S. CAL_OR-%_A 90017

TEL,J_PHO_E I_X3_ 623-2322

A L..AW PA_ERSHIP

Or pROF_iO._JI.[L_ COIqLPORA'X_ONa

May 10, 1985

Federal Express

Mr. William Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board

1102 Q Street
Sacramento, California 95814

Re: Listinq of Chromium as a Toxic Air Contaminant

Dear Bill:

Enclosed are the comments of the Metal Finishing
Association of Southern California to the Report to the

scientific Review Panel on Chromium.

Very truly yours,

Betty Jan_ Kzrwan, P.C.
McCLINTOCK, KIRWAN, BENSH00F,

ROCHEFORT & WESTON

BJK: vb
Enclosure

% _'



COMMENTS

ON BEHALF OF

THE METAL FINISHING ASSOCIATION OF SOUTHERN CALIFORNIA

ON THE

REPORT TO THE SCIENTIFIC REVIEW PANEL ON CHROMIUM

_. :_ :_.. May 13, 1985

The MetalFinishing Association of Southern California

("MFASC" or "Association") is a nonprofit trade association of

companies in the fields of metal finishing, electroplating,

powder coatings, enameling, galvanizing, plating and related

processes. It has almost 250 members, the vast majority of whom

are job shops. 1 These comments are submitted in response to the

Report to the Scientific Review Panel on Chromium prepared by the

Air Resources Board and the Department of Health Services, dated

March 1985. In general, after a careful review of the Report,

the MFASC believes that not enough is known concerning the health

effects of chromium emissions, in general, and chromium (VI)

emission, in particular, to warrant regulation at this time.

Unfortunately, the Association cannot offer further comment on

the health impact of chromium emissions because it has not

conducted independent research on this topic. In the remainder

of these comments, we will highlight some confusions and inac-

curacies in the Report as it relates to the metal finishing

industry with the hope that a more accurate picture of the

1 This is in contrast with captive corporate metal finishing
companies.

· ~



industry and its emissions can be developed by a cooperative

effort between the ARB and the industry.

Our review of the Report found five problem areas: (1)

the Report incorrectly estimates the number of chrome platers;

(2) the Report incorrectly assumes all chrome plating is hard

chrome; (3) the Report incorrectly assumes that the emissions

from the Long Beach Naval Shipyard operations are representative

of chrome plating; (4) the Report incorrectly assumes that all

chromic acid sold in California is used for chrome plating and

generates the same emissions; and (5) the Report incorrectly

assumes that all chrome plating operations are uncontrolled.

Based on this confusion, the Report incorrectly concludes that

the emissions from chrome plating operations in California amount

to between 18 and 21 tons per year. We will take up each of

these points in order.

The Report estimates that between 1,500 and 1,800

electroplaters operate in California and that if three-fourths

are chrome platers there are between 1,100 and 1,300 chrome

platers in California. (Report, p. I-2.) The source of the

first estimate is a report by Citizens for a Better Environment.

Insofar as we are aware, it is not accurate.

As noted above, the MFASC principally represents job

shops, which are companies which perform on a piecework basis.

It represents very few "captive" shops -- facilities owned by

manufacturers facilities which solely service products they

manufacture. We estimate that between 50 and 75 percent of the



metal finishers in Southern California are job shops. Of the

almost 250 members of the MFASC, only 68 companies (28%) are

chrome platers. Assuming, at most, an additional 70 captive shop

chrome platers, that would make up to 140 chrome platers in

Southern California. We estimate that in Northern California the

ratio of chrome platers to electroplaters in general is similar.

Based on this information, there are nowhere near 1,100 chrome

platers in California. A better estimate is 300. We will

attempt before the next submission to develop more detailed

information on this topic. This is significant information

because the inflated number of California chrome platers is used

to estimate in the Report the amount of chromium emissions

from the metal finishing industry in this state.

Next, the ARB assumes that all chrome plating is hard

chrome. (Report, p. I-5.) By way of background, chrome plating

can use either a hard chrome or decorative chrome process.

For a hard chrome coating, a par*. is electroplated with heavy

thicknesses of chromium to fcrm a corrosion-resistant and wear-

resistant surface. By contrast, decorative chrome is a process

by which a part is first plated with nickel and then electro-

plated with a very thin coating of chromium. Emissions from hard

chrome may be significantly greater than from decorative chrome

due to the longer time of processing to achieve the heavier

deposit. The ARB states, and we agree, that probably three-

fourths of chromium use is for hard chrome and one-fourth for

decorative chrome. Approximately 46 member companies in the
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MFASC (19%) do decorative chrome and 22 (9%) do hard chrome.

Eight companies (3%) do both. The likely difference in emissions

from these two processes should be acknowledged and taken into

account in the emissions calculations.

Further, the Long Beach Naval Shipyard report is used

as the basis for establishing an emission factor for chrome

plating. (Report, p. I-4.) This likely overestimates emissions

significantly. Usually, military facilities do not have the same

constraints as does private industry. Additionally, we assume

that a shipyard has very large parts which generate substantially

more emissions than do typical chrome plated parts. We will be

able to comment further on the applicability of this facility

once the ARB makes available the Long Beach Naval Shipyard

report, which has already been requested.

The Report incorrectly assumes that all chromic acid

sold to the metal finishing industry is used for chrome plating.

(Report, p. I-4.) A large amount of chromic acid is use_ for

chemical processes, such as dichromating, which is a process

whereby a part is treated with cadmiu_ or zinc first and then

dipped in a solution of chromium salts to convert the surface

metal to a chromate. It is not an electrolysis process. No

bubbles are generated, such as in the case of electroplating of

chromium, and no emissions are created. It is simply a quick

chemical reaction. Secondly, chromic acid is also used to etch

parts, both metal and plastic. Similarly, there is not the same

type of buildup if bubbles or gas. We estimate that more chromic
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acid is used to chemically treat or etch parts than is used in

electroplating operations. Thus, the amount of chromic acid sold

in California is not directly relevant to the emission report

from the Long Beach Naval Shipyard or the emission of chromium

into the air.

Finally, the Report calculates the emissions of

chromium from the metal finishing industry based on the assump-

tion that all chrome plating is done without air pollution

controls. (Report, p. I-5.) Chrome platers located within the

South Coast Air Basin -- Los Angeles, Orange, Riverside and San

Bernardino Counties -- are required to have air pollution control

equipment on all chromium electroplating operations because of

concern by the South Coast Air Quality Management District with

chromic acid mist. The District's concern rests on the pos-

sibility that without controls the sources will create a public

nuisance. Chrome electroplating tanks are equipped with mist

inhibitors or are controlled by air scrubbers. Air scrubbers are

a closed system with virtually no emissions to the atmosphere.

We believe that most facilities in the Basin are equipped with

such scrubbers. The District checks the efficiency of these

units at least once a year. Therefore, use of an emissions

factor from the Long Beach Naval Shipyard is misleading.

The information concerning the number of chrome platers

and the emissions factors to be applied led the ARB to estimate

that the emissions are between 18 and 21 tons per year. As

more information is developed, we believe that figure will be
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shown to be seriously overstated. The Association looks forward

to working with the ARB to develop a more accurate picture of the

industry's contribution to the question of the chromium

emissions.

j,
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B. J. Kir%_an

bcClintock, Kirwan, Benshoof
Rochefort and Weston

611 West Sixth Street, Suite 2100

Los Angeles, CA 90017

Dear F:s. Kirwan:

Comments on the Draft chromium Report

Thank you for the comments of the Metal Finishes

Association of Southern california (MFASC). Your letter and their

comments were incluaed in Part C of the draft Report, and changes to
araft Part A were made in response to their comments. This letter

describes those changes and our responses to the MFASC's comments,
and has been forwarded to the Scientific Review Panel as an addendum

to Part C.

i am addressing your comments in the same oraer in which

_hey appeared in you£ letter.

(1) Number of chrome platers.

Using information from surveys done by the South Coast Air

.Quality Management District and by the ARB, we have revised the

estimate of chrome platers to 400 statewide.

(2) Hard chrome and decorative chrome plating are done in
California.

The draft report presented a range of emzssion estimates;

the upper value was based on the assumption that only hard chrome

plating is done, and the lower value was based on the assumption

that a combination of hard and decorative plating are done. After

the araft report.was released, we received information from the
MFSAC on the breakdown of decorative and hard chrome plating in

California. Consequently the emission estimate for chrome plating
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has been revised to reflect this ratio of the numbers of hard and
decorative platers in california, and the emission estimate based on
the assumption that all plating was hard chrome has been removed

from the report.

(3) Long Beach Naval Shipyard plating operations are not
representative of private industry.

The Long Beach Naval Shipyard Report used to develop
emission factors for chrome plating was based on testing done in
1984, and we believe it is the best available information on chrome

plating emissions. A copy of the Naval Shipyard Report was sent to
I?ASC representatives at their request on _._ay17, 1985; as of

July 5, ARB staff had not received _FASC comments on that report.
After the MFASC has review'ed the Naval Shipyard Report, ARB staff

would _,elcome specific information and suggestions to improve
emlss ion estimates.

(4) Not all chromic acid sold to the metal finishing
industry is used for chrome plating.

The draft report states that "the largest supplier of
chromic acid in the United States estimated that 1,500 tons of

chromic acid were sold in california in 1984 for chrome plating

usage" (draft Repcrt, page I-4). The estimate of chromic acid usage
_,as for chron_e plating only and did not include any other uses.

(5) Emission estimates are based on the assumption that
all cnror.e plating is done without alt pollution control.

Emissions from chrome plating were calculated based on the

assump__ion that no controls are used on chrome plating operations,

secause there are no air quality regulations which specifically
restrict nexavalent chromium emissions from chrome platers. Any
controls in place were designed to control chromic acid mist

emissions from a nuisance standpoint, as you pointed out, and were
not based on the long-term health effects of hexavalent chromium

e;:posure. The fraction of chrome plating operations which employ
emission controls, and the efficiency of those controls, is not

known. To provide a range of estimates, we have revised the report
to include an estimate based on the theoretical assumption that all
chrome platers have controls which are 92 percent efficient. This

was the control efficiency of wet scrubbers reported in the Long
Beach Naval Shipyard Study. We believe that the efficiency of such

controls in lndustry will be lower than this, but that 92 percent is
a technically achievable level of control, and represents a
theoretical lower-limit emission estimate. The estimate of

emissions dosed on the no-control assumption has been retained, and
represents an upper limit value.
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Thank you again for your comments. If you have questions
concerning these responses, please contact Cliff Pope3oy at
(916) 323-8503.

Sincerely,

. j /_ _// /,

William V. Loscutoff, ClSief
Toxic Pollutants Branch
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May 10, 1985

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
P. O. Box 2815
Sacramento, California 95812

Dear Mr. Loscutoff:

SUBJECT: Report to the Scientific Review Panel on Chromium

Southern California Edison Company has reviewed the document
entitled "Report to the Scientific Review Panel on Chromium"
(Parts A and B) and would like to submit these brief comments on
several important issues which are addressed in this report.
These issues include the following:

Exposure Estimates - In the absence of exposure data for
hexava!ent chromium, a risk assessment cannot be performed at
this time and chromium should be reclassified as a "Level lB"
compound since this essential information is not yet available.

Emissions Estimates - Emission estimates from sources which

pertain to the electric utility industry have been overestimated
due to certain assumptions and methods used in these
cal:ulations.

Risk Estimates - The unit risk estimates for hexavalent chromium

are being developed from epidemiological studies of widely
differing quality. These differences should be reflected in the
choice of studies used to develop these risk estimates. We also
feel that the boundaries on the estimates developed from these
studies should be differentiated from statistical confidence
limits since they result from a lack of data rather than the
uncertainty inherent in a series of observations.

These issues are described tn more detail below.
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EMISSIONS INVENTORY

Although this is not the final inventory which may be used
to develop control strategies for chromium, it is important that
emissions estimates are at least reasonably correct. Several
errors are evident in the methods used to calculate chromium

emissions from electric utility sources such as cooling towers
and residual fuel oil combustion.

Fuel Oil Consumption

The calculations for residual fuel oil burned within

California are inaccurate. The State's petroleum tracking

system does not differentiate between oil burned in California
and that sold for vessel bunkering which will be burned outside
of California. Federal data indicates this is a significant use

of residual fuel oil in California (1). This is shown in Figure

1. In the past, ample supplies of high sulfur residual fuel oil
in Southern California have tended to drive prices lower,

encouraging ships to purchase enough fuel for a round trip (2).
Thus while the economic data prepared by the California Energy
Commission (and used by the ARB to calculate chromium emissions)

indicates that there are marketer receipts for 74 million

barrels of residual fuel oil supplied to Californiain 1983,
utilities burned only about 10 million barrels, much of which

was purchased in previous years (3). This lack of accounting

for vessel bunkering represents a significant overestimate in
emissions of chromium from residual fuel oil consumption.

Coolin$ Tower Emissions

Electric utilities in California are no longer using

chromate additives in cooling tower water to the extent they did
in the past. SCE has not used these additives since 1982, and
other utilities have reduced, or are in the process of

completely phasing out, the use of these compounds. The
emissions estimates for cooling towers included in the chromium

report are, therefore, probably too large, since it was assumed
that these compounds are used in approximately 20 percent of the

utility industry cooling towers.

The combined effects of these assumptions with regard to

residual fuel oil consumption and the use of chromium additives

in cooling towers is to overestimate chromium emissions from
electric utility sources by a substantial amount. The methods
used to calculate these estimates should be reevaluated.
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TRACE ELEMENT SFECIATION

The health assessment portion of the chromium document

points out the differences in toxicity of various chromium

compounds, particularl_ the difference in caFcinogenic potential
between trivalent (Cr+D) and hexavalent (Cr+°) chromium.

The exposure data essential for conducting a risk assessment
relates human population exposure to airborne hexavalent

chromium in California. This information is not currently
available because: a) there_are no v_lidated methods for

differentiating between Cr+° and Cr+° at the low

concentrations observed in ambient air, and b) given the lack of

measurement techniques, the necessary ambient monitoring of

Cr+° has not been performed. Speciation techniques have been
developed for workroom air (4) and progress has been made in

speciating emissions from ferrochrome smelters (5). However,

the dusts emitted from these smelters contain several percent
chromium by weight. Samples of particulates from ambient air

and sources emitting lesser amounts of chromium may contain only
microgram per gram quantities. The techniques used on smelter

dust might also work at concentrations 1000 times lower, but
these techniques must be tested and extensively validated before

they can be used in an air quality monitoring program. When

the_e techniques have been validated then the measurements of
Cr+ can be made in ambient California air.

J

RISK ESTIMATES

Earlier risk assessments of toxic air contaminants by DHS

have ex_mined different risk estimates, and then made the policy
decision to present a "conservative range of estimates" to the

risk managers at the ARB. This was not the approach taken with
chromium. A table of risk estimates was extracted from the
EPA's health assessment document on chromium and these were

presented as if they are all equally valid. This treatment of
the data is inappropriate, as outlined below.

Comparative Quality of the Studies

All epidemiologic studies have some problems which cause
uncertainty in the results. Some studies are considered more

reliable because of the size of the study group, the quality of

exposure information, and the thoroughness in tracking subjects
who leave the work place. The more reliable studies are

generally given more weight for developing risk estimates. EPA
considered the Mancuso study more reliable than the others and

this was reflected in the risk estimate they chose from all

those which were calculated. Figure 2 shows the wide range of

risk estimates presented by DHS and t_ese can be compare_ with
the estimate chosen by EPA (1.2 x 10- per lifetime ug/m _

exposure). Specifically EPA stated that the studies by Langard
(6), Axelsson (7) and Pokrovaskaya are "less adequate than the
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Figure 2. Block Chart of Unit Risk Estimates Derived

From Three Studies. (comp= competitive risk,

all other_- crude model).
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Mancuso study for purposes of risk assessment" and that the
deficiencies in these studies tend to overestimate the risk.

DHS should state why they do not agree with EPA's assessment of
the quality of these studies for purposes of developing risk
estimates.

The major problem with the Langard (6) and Axelsson (7)
studies is the quality of the exposure data. These problems are
recognized by the authors. Axelsson et al. state;

"The information on levels of chromium exposure in
different parts of the industry was based on
approximations, and no measured data existed for the
period when a possible occupational cancer could have
been induced."

"The estimated exposure data should not be used to
construct general dose response relationships or to
define threshold values." [emphasis added]

Langard et al. have made similar statements;

"In the present investigation one can only guess at
what level the exact chromate concentration has been in
previous years."

The EPA Health assessment document on chromium also notes
problems with respect to the characterization of the worker
cohort in the study by ?okrovaskaya.

While the studies cited above may be useful for purposes of
comparison, quantitative risk estimates should be based on the
highest quality epidemiologic studies available.

Uncertainty in Risk Estimates

The parameters of interest in toxicological and
epidemiological studies, such as exposure and observed
responses, are known to vary. This variation can be described
in statistical terms, e.g., a mean and the confidence intervals
around the mean. These techniques are useful in risk assessment
because they can provide an indication of the uncertainty around
a risk estimate.

The real parameters of interest may be essentially unknown
in some cases. In the Axelsson study, for example, exposure
"data" were based on estimates and approximations rather than on
actual measurements. One can subjectively estimate a possible
range of a variable, but the estimate has little statistical
validity and cannot provide the same kind of information as a
confidence interval. This type of expert "guess" must be
distinguished from statistical confidence limits based upon
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multiple observations (such as those presented by _HS for

benzene and other toxic air contaminants reviewed to date.)

Another technique for dealing with a lack of data is to use
the highest and lowest values of a parameter which were observed

to "bound" the analysis. In the Langard study, 89 air
measurements of hexavalent chromium were taken to characterize

the workplace environment. In deriving upper and lower bounds
on risk for hexavalent chromium, both EPA and DHS have assumed

that all workers were exposed to either the h_ghest, or
conversely, the lowest concentration observed in all of these

samples. Thes_ calculations provided the lowest and highest

estimates on carcinogenic potency respectively. This type of
bound or limit must also be distinguished from statistically

derived confidence limits. While such estimates may be
interesting for comparison, risk estimates which are to be used
for risk assessment studies should be based upon the best

estimates of individual worker exposure or the best estimates of
the overall exposure to the worker population.

Comparison of Risk Estimates With Observed Mortality

One way to judge whether the risk estimates have any bearing
on reality is to compare the predicted lung cancer mortality /

with the observed rates. The annual mortality rate for lung

cancer in California is about 40 per 100,000. In a population
of 10,000,000 people (such as the South Coast Air Basin) we

would expect an annual cancer mortality rate of 4,000 per year.
If we used the upper limit of risk presented in the DHS report

on chromium, as many as 2,285 cancers would be due to chromium

exposures. This is an extraordinarily high estimate of risk and
is clearly erroneous in light of the fact that smoking is

considered to be responsible for the majority of lung cancer
cases.

CONCLUSIONS

SCE recognizes the desire of the ARB to proceed with the
review of toxic air contaminants of concern in California in a

timely manner. However, it appears that in the case of
hexavalent chromium, the fundamental data necessary for

conducting a population exposure assessment is not yet
available. The risk assessment cannot proceed until methods for

the speciatibn of hexavalent chromium in ambient air have been
validated and ambient monitoring data have been obtained. Since
the DHS health assessment indicates that hexavalent chromium is

the form most likely to be carcinogenic in man, we suggest that

hexavalent chromium be listed as a "Level lB Compound" (a

compound for which "significant additional information is

pending") until ambient monitoring techniques have been
developed and an adequate exposure assessment can be performed.
The ARB has conducted a risk assessment assuming t_at all
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airborne chromium is hexa_alent. This assumption is
inappropriate and should be discontinued.

We also suggest that DHS focus only on those studies with
reliable exposure data when calculating risk estimates for
hexavalent chromium and that the best estimates of worker

exposure to hexavalent chromium (rather than extreme limits) be
used for calculating risk estimates.

Methods for calculating emissions estimates from residual
oil combustion and cooling tower emissions should also be
reviewed for accuracy since they appear to overestimate actual
emissions by a significant amount.

Sincerely,
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June 18, 1985

Edward J. Faeder, Ph.D.

Manager of Environmental Operations

Southern california Eaison Company
PO Box 800

Rosemead, CA 91770

Dear Dr. Faeder:

Comments On Draft Chromium Report

Thank you for your comments on the Draft Chromium

Report. Your comments on Part B have been referred to the

Department of Health Services for response, which, along with
your comments and this letter, will be included in Part C of the :

Report to the Scientific Review Panel on Chromium. We will send

you a copy of that report. Our responses follow the same

headings you used in your letter.

(Summary of Issues)

EXPOSURE ESTIMATES:

There are data available which have been used to

·. estimate exposure to total and to hexavalent chromium. U.S. EPA

National Aerometric Data Bank data for total chromium, were used

to assess exposure to total chromium. AKB data on ambient
hexavalent ano total chromium concentrations were used to

estimate excess cancer risk due to amDien_ hexavaient chromium.

We believe that these data establish the presence of chromium and

chromium(VI) in the amDient air of California to a degree
sufficient to justify listing chromium(VI) as a toxic air
contaminant.



E!-'.iSS !0_'_ESTI ?.ATES:

The emis-=ion es_ir, ates fcr sources related to the

eieccric utility ind.'szry we maae usinc_ data from several

indeDenaent sources. We agree that an improved emission

inventory will be necessary in any control development process
for chromium(VI), your specific comments on our emissions
es=imates are discussed below

FUEL OIL CONSUMPTION:

Since the draft Report on Chromium was released, we

realizec that the residual oil consumea by vessel bunkering was
hOC taken into account when chromium emissions were estimated.

However, there are no available data to estimate how much

residual oil was consumed by vessel bunkering in 1983. Therefore

we revised our calculations as follows: Residual oil consumption
fcr non-utilities was estimated based on 1981 data in ARB's

Er:ission Data System and the consumption of residual oil by
electric utility incuscry in 1983 wms assumed to be 10 million

sarre!s as estir;ated ry 5CE. This ckan_es the estimated

consumption from 74 million barrels to 49.2 million barrels. The
revised calculations result in an emlsslon estimate of 5.1 tons

of chromium from resicual oil com=ustion in 1983. In another

method, chromium emissions were calculated as a fraction of _
particu l_=_e-_matter emissions. This a_roach_- .yielded an estimate
of 20 tons of chromiur_ per year. These changes have been

reflected in the Report and are discussed in Appendix C of Part A

of the Report.

CO0_ T'_C.... TOWFR -_k='"',..,___.,_c c_ r,,'_

We recognize that the electric utility industry in

California may not use chromate adoitives in cooling tower water

as extensively as it did in the pas_. However, chromium
emissions from cooling towers were calculated based on the best
available data for inventory year 1961 and/or 1979. Lower and

upper estimates of 0.23 to 9.2 tons per year were also given in
t.he Report. Therefore, %ithout more specific information on the
acutual number of cooling towers or concentration of chromium(VI)

for all utilities, we think the range given in the Report is the

Dest estimates at this =ime. We will be trying to get more

current and specific information on chromate use in cooling
towers in the near future. We, therefore, would like to work

with SCE and other utilities to obtain the best information
available for future estimates.

TRACE ELEMENT SPECIATION:

We recognize that, because the DHS has indentified

dose-response relationships for airOorne chromium(VI), )
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information on hexavaient chromium exposure from ambient air

provides the most accurate assessment of the hea!tn ir.pact of
atmospheric chromium. There are limited data available on

ambient concentrations of chromium(VI) in California; we have

used these data in revising the overview to include an estimate

of the health impact of atmospheric hexavalent chromium. Methods
do exist to differentiate between chromium(VI) and total chromium

at ambient levels. We recognize that the methods for determining
chromium(VI) and total chromium at low concentrations in ambient

air have not yet received extensive evaluation. ARB method 106,

Procedure for the Sampling and Analysis of Atmospheric Hexavalent

Chromium(VI), is based on validated methods for the determination

of hexavalent chromium in workplace air, and water and wastewater

samples. We have included a copy of }_ethod 106 in Appendix D of
Part A. A limited interlaboratory study of this method has shown

agreement within 25 percent. Method development of a
chromium(VI) analytical method is presently being done by the

Inorganic Toxics Analytical Subcommittee of the Toxics Air

Z4onitoring Technical Advisory Committee (TAETAC) which is

comprised of technical representatives of Federal, State, and

local air quality and public health agencies.

Chromium(IIi) is determined by difference between total

chromium and chromium(VI). Total chromium measurements used in

the exposure assessment were done using a variety cf analytical i

methods, including x-ray fluorescence (XR_=) methods similar to

ARB method 105: Procedure for the Sampling and Analysis of Total

Atmospheric Chromium, Lead, Manganese, and Nickel. We have

included a copy of this method in Appendix D of Part A. The

ARB's Haagen-Smit Laboratory Division has characterized the

accuracy of Method 105 as + 2 ng/m 3, or + 10-20 percent at the

levels of 10-20 ng/m 3 of t_tal chromium _bserved in the ambient
air of california.

We believe the available information on atmospheric

levels of total and hexavalent chromium in California

quantitatively establishes the presence of these species in
ambient air to the extent necessary to justify lis_ing

chromium(VI) as a toxic air contaminant.

The ARB is working to better characterize ambient

levels of chromium(VI) in California. As more temporally and

spatially representative data on chromium(VI) concentrations in
the state become available, it will be possible to make a more

precise estimate of the health impact of ambient chromium(VI).

CONCLUSIONS: :,

We believe, for the reasons stated above, that

sufficient evidence of population exposure to ambient :

chromium(VI) exists to require evaluation of chromium(VI) as a
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:c_::c air con._a.-..inan%, h_e also believe _ased c,n -he heal%h

effects lnforr,,anion suppliec by the DHS and usace and emission
esZ_r, ates, _-_,,=.chromiun.(VI) should ._=.listed ==-.=- _cxic air

ccr._aminant and _reatec as a substance havinc nc carcinogenic
t--_snol o level

We have deleted risk estimates based on the assumption
that all ambient chromium is hexavatent, aha have included

revised risk estimates based on measured ambient concentrations

of hexavalent chromium. As you requested., we have reviewed the
methods used for calculating emission est-imates from residual, oil

cor;_us%ion and coolin§ towers as descriDed previously in this

!et%er. Based on information %'hich you provided, %'e revised the

er ission estimate for chromium emission from fuel oil consumption.

Again, thank you for your comr.ents. If you have other

questions, please contact Cliff Pope]oy at (915) 223-8503, of my
&Csta._.

Sincerely, / / ?;

/ :, / I - ._; ,' " -- ,- '

1 //!
;_il_iam V. Lcscu%off, Chief _
Toxic Fo! _........=n_s Branch _ ;
Stationary Source Division ?

cc: Peter D. Venturini
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Tony Cannata

JosephL Coomes Dear Mr. Loscutoff:
Jerry E Cremms
Emory C Curtis

Robe_,R Doe'(son The California Council for Environmental and EconomicW G. "Jerry' Dm,vd
Katherine Dunlap Balance (CCEEB) is a nonprofit organization whose board of
JosephP.Egan directors include leaders of business, organized labor, andPeter J. Fearey

JoseD_SFranc,s other public interest groups. CCEEB has reviewed the report
R¢,hertN.Gulick by the California Air Resources Board (ARB) and the Califor-,!d J. Guthrie

JdAhenriksen nia Department of Health Services (DHS) to the Scientific

;erZ HirscP, Review Panel on chromium dated March 1985, and is presentingHarold R Hochmuth
PrestoneHotchk_5 the following comments for your consideration.
Warren L Jackman
Jack Jones
EvelynP.Kapian In summary, the Council believes:
Dorothy Kel;ner
Robert C Kirkwood

JonnTKr.ox (1) The risk assessment should be restricted in scope
PaulHLane to include only chromium (VI) since this is theArIhur C. Latno, Jr.
BruceLee only species that has been associated with car-
DukeLee cinogenicity in humans and animals.Donald G. Livingston
Chuck Mack

VC' BudMath,SRobertM Mclntyre (2) A more appropriate range of risk of t_e cancer
JackMcNally pot_ency of chromium (VI) is 8.3 x 10 to 1.3 x
F W. Mielke, Jr. ,.,.vlt%-- a' .Walter K. Morns
Juhan Nava

JonnENeece (3) The ARB/DHS should review the studies used toLF. O'Donnell
ThomasAPage determine the risk associated with chromium (VI)
AnthonyL.Ramos exposure and should focus on those studies withHarryO Reinsch
Wi,lictoRRobertson the most valid data when developing risk esti-
B. BrickRobmson mates. The report should more clearly state theT. J. Staoleton
DwightSteele quality problems associated with the studies cho-
Herbert D. Tobin
WilliamWard sen for inclusion in the document and the uncer-
MasonM Warren tainties these problems impose on the resultant
Gene Webster
Evelle J Younger ' risk estimates.

William T Bagley
F ,ndGBrown We believe a significant deficiency of the report is

r,neDunlap .the lack of distinction between the differentchromium spe-
!ER CHAIRMEN

cies when drawing conclusions on the risk associated with
exposure to chromium. In Part A of :the report (Overview,
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